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(54) Improved physical layer interface device 

(57) A single chip dual function 1 0Base-T/1 OOBase- 
X physical layer interface device (PHY) confipatik)le with 
ex^ng 5V parts s provided. The PHY Includes a 
media-independent interface (Mil) and connects to an 
unshielded twisted pair cable via an isolation trsjns- 
former and a single RJ45 connector. The PHY includes 
txjitt-in auto-negotiation circuitry that allows for auto- 
matic selection of hatf^U diplex lOBase-T and 
100Base-TX while auto-polarity correction circuitry 
ensures immunity to receive pair reversal in the 
lOBase-T mode off operation. The PHY includes inter- 
nal PLL circuitry that uses a single 20MHz dock or crys- 
tal. tHit that is suftat)lefor either speed nrvxJa The PHY 
includes low-power and power down modes. The 



10Base-T portions of the PHY include smart squelch for 
improved receive noise immunity. The PHY includes 
high jitter tolerance cUxk recovery drcurtry arxJ transmit 
jabber detection drcurtry The 1 0Base-T portions of the 
PHY indude on board transrrvt waveshaping. The 
100Base-X portions of the PHY indude synthesized 
rise time control for reduced electromagnetic Interfer- 
ence (EMI). The PHY indudes a programmat)le transmit 
vohage amplitude for 100Base-X MLT-3 wavdbrm gen- 
eration arvJ integrated adaptive equafization drcurtry 
and baseline wander correction (DC restaation) dr- 
cuitry for the lOOBase-X receiver. 
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Description 

FIELD OF THE INVEhTTION 

5 This invention generally relates to digital communications, and more partk^ularty to a physical layer interface deoce 

BACKGROUND OF THE INVENTION 

Local area networks (LANs) havet>ecome widely accepted and used witiiin many and various industries as a way 
10 to interconnect many work stations and/or personal computers (PCs) to allow them to share resources such as data 
and applications without the need for an expensive mainframe computer and its associated multiple attached terminals. 
One widely accepted LAN arrangement is an "EthemeT LAN, which defined in the IEEE 802.3 standard. 

With the widespread acceptance of LANs and the continuing acceleration of technology, the demand for LAN 
arrangements with higher and higher transfer rates continues unat>ated. Two 1 00 Megat>it per second (Mbps) LANs are 
75 extending the reach of the installed base of 1 0 Mbps Ethernet LANs. Although this increased transfer rate is desired, it 
often comes at the expense of replacing existing 10 Mbps equipment with new more expensive 100 Mbps equipment. 
However, some LANs may run with both types of equipment installed. It would be convenient to have a physical layer 
interface devtcettiatwouki operate at both transfer rates. 

The present trrvention provides a LAN physical lay^ interface device tiiat is capable of operating at both transfer 
20 rates in a cost effective and versatile manner. 

Summary of the Invention 

A single chip dual function lOBase-T/IOOBase-X physical layer interface device (PHY) compatftsle with existing 5V 
25 parts is provided by the present invention. The PHY includes a medianndependent interface (MIQ and connects to an 
unshieMed twisted pair cable via an isolation transformer and a single RJ45 connector. The PHY includes built-in auto- 
negotiation drcuitry tiial aNcws for autonriatic selection of half/full 

correction drcuitry ensures immunity to receive pair reversal in the 10Base-T mode of operation. The PHY includes 
internal PLL circuitry that uses a single 20MHz ckx:k or crystal, but that is suitable for either speed moda The PHY 

30 includes kiw-pcMrer and power dcwn modes. The lOBase-T portions of the PHY include smart squek:h for trrproved 
receive noise immunity. The PHY includes high jitter tolerance dock recovery drcuitry and transmit jabber detection cir- 
cuitry. The lOBase-T portions of the PHY nridude on board transmit waveshaping. The 100Base-X portions of the PHY 
indude synttiesized time control for reduced electromagnetic interference (EMI). The PHY includes a programma- 
ble trarismit voltage amplitude lor 100Base-X MLT-3 waveform g^eration and integrated adaptive equalization drcuitry 

35 and baseline wander correction (DC restoration) drcuitry for the lOOBase-X receiver, *" » I -r~- 'i-r -*i:,t n. . ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may t>e understood by reference to the detailed description which folfows, read in conjunction with 
40 the acconpanying drawings in whid): 

Figure 1 depicts a simplified block dia^am of the physical layer interface device of the present invention. 
Figure 2 depk;ts a simplified block diagram of the interconnection of the physical layer interface device ol F^ 
with external components. 

45 Figure 3 depk:ts a stmplffied diagram of auto-negotiation configuration and status waveforms and timings for the 
physk:al layer interface deAce of Figure 1 . 
Figure 4 depk;ts a sirnpBfied blodc diagram of a basic set cf registers 
of Figure 1. 

Figures 5A and 5B depict a simplified cfiagram of the Mil read and write frame formats, respectively. 
50 Figure 6 depicts a simplified diagram of the bit positions and signal names associated with each bit position for the 
generic control register, GEN_cti. 

Figure 7 depicts a sirrplified diagram of the bit positions and signal nanies associated with each bit position for 
generic status register. GEN.sts. 

Figured depicts a simplified diagram of the bit positions and signal names associated with each bit position for the 
55 generic identifier register, GEN_id_hi/GEN_id_to. 

Figure 9 depicts a simplified diagram of the bit positions and signal names associated with each bit position for the 
auto-negotiation advertisement register, AN_adv. 

Rgures 10A. 10B, and IOC depict siirplified diagrams of ttie bit positions and signal names associated with each 
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brt position for the auto-negotiation link partner ability register, ANJpa. 

Figure 1 1 depicts a simplified diagram of the bit positions and signal names associated with each bit position tor 
the auto^egotiation expansion register, AN_6xp. 

Figure 12 depicts a simpTffied diagram of the bit positions and signal names assodated with each bit position for 
s the autOHftegotiation next page transmit register, AN_np. 

Figure 13 depicts a simplified diagram of the bit positions and signal names assodated with each bit position for 
the TLAN PHY identifier high/low register, TlPHY_id. 

Figure 14 depicts a simplified diagram of the bit positions and signal names assodated with each bit position for 
the TIAN PHY control register, TlPHY_ctI. 
10 Figure 15 depicts a simpGfied diagram of the bit positions and signal names assodated with each bit position for 
the TLAN PHY status register, TLPHY_sts. 

Figure 1 6 depicts a simplified diagram of the pin positions and signal nanries associated with each pin position for 
the physical layer interface device of Rgure 1 . 

Figure 17 depicts a simplified block diagram of the 100Base-TX receiver of the physical layer interfece device of 
15 Figure 1. 

Figure 1 8 depicts a block diagram of the 1 0OBase-TX receiver of the physical layer interface device of RgMre 1 . 
Figure 19 depicts a more detailed diagram of a portion of the 100Base-TX receiver of Rgure 18. 
Figure 20 depicts a simplified block dagram of a portion of the 100Base-TX receiver of Figure 18. 
Figure 21 depicts a more detailed diagram of a portion of the drcurtry depicted in Rgure 20. 
20 Figure 22 depicts a more detailed diagram of a portion of the drcuitry depicted in Rgure 20. 
Figure 23 depicts a more detailed diagram of a portion of the drcuitry depicted in Rgure 20. 
Figure 24 depicts detailed drcuitry for a portion of a high speed comparator, such as fhaA used in Rgures 17 and 
18. 

Figure 25 depicts a sirrplif led block diagram of the interconnection of transmitter current sources with the external 
25 transmitter load resistors arvl the external isolation transformer. 

Figure 26 depicts a simplified block diagram of a drcuit for staged turrvon of transmitter current sources for control- 
led rise times. 

Figure 27 depicts a simplified bfock diagram of a drcuit for a high accuracy cunrent reference for use in 100Base- 
TX transmitter drcuitry. 

30 Figure 28 depicts detailed drcuitry of a preferred embodin^ that implements the drcuitry depk:ted in Figure 27. 
Figure 29 depicts a strrpTif ied bfock diagram of a drcuit using a single input frequency that aOows for a dual DPLL 
rata 

Corresponding numerals and symbols in the different Rgures refer to correspondng parts unless othenvise indi- 

v..35->.-.Cated; ^,^,r ...<r-v v.. .... --rr:,,.v.., ^ - . . 

DETAILED DESCRIPTION 

Referring ncHw to Figure 1, there may be seen a drrptified bfock diagram of a physical layer interface device (PHY) 
40 of the present invention. As may be seen from Rgure 1. the present invention provides a single chip lOBase- 
T/1 OOBase-X physical layer interface device (hereinafter 1 0/1 00 PHY or PHY). Figure 1 also depicts the various signals 
provided to or supplied by the varfous blocks of the PHY of the present invention 

Briefly, the PHY of the present invention indudes a nrwcfia-independent interface (Mil) to altow for easy connectfon 
to standard ntecfa access controller (MAQ devices. whOe connectksn to an urisNeiM 
45 isolatfon transformer and a single RJ45 connector (see Figure 2). The PHY of the present invention does not require 
external components for filtering or rise-time control, and all equalization components are included on the chfx The 
operation of the device is controDed at either a pin level, via configuration ptns. or using the management data interface 
and internal registers. The device indudes built-in auto-negotiation drcuitry that allows for automatic selection of 
half/full dvfAex lOBase-T and 100Base-TX, while auto-polarity correction circuitry ensures immunity to receive pair 
50 reversal in the lOBase-T mode of operation. 

The PHY of the present invention depicted in Figure 1 provides a single package dual function lOBase-T/IOOBase- 
X physical layer imerface device that preferably uses a CMOS design having a 3.3V supply 
existing 5V parts, having a standard IEEE 802.3u media independent interface (Mil) with 2-pin management interface. 
The PHY implements IEEE 802.3u auto-negotiation with next page support The PHY stpports a single trans- 
55 mit/receive transformer connected to a single RJ45 connector for both speeds of operation. The PHY requires a mini- 
mum external conrponent count with all filtering and equafization components being integrated into the device. The PHY 
indudes drcuitry for internal loopback for system testing in both modes and indudes an IEEE Standard 1 149.1 test 
access port (JTAG). The PHY allows for connection to CATS cables (lOBase-T) or CAT5 cables (lOBase-T, lOOBase- 
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TX) and uses isolated transmit/ireceive power supplies for minimum coupling therebetween. The PHY includes internal 
PLL circuitry ttiat uses a single 20MHz dock or crystal, txit that is suitable for either speed nrxxie. TTie PHY includes 
lOMT-power and power down modes and includes full duplex support for both 1 0Base-T and 1 0OBase-X. 

The lOBase-T portions of the PHY are fully IEEE 802.3 compBant and include smart squelch for improved receive 

5 noise immunity. The PHY includes a DSP-based digital phase-locked loop for high fitter tolerance dock recovery and 
transmit jatiber detection drcuitry. The 10Base-T portions of the PHY indude on board transmit waveshaping. with only 
external termination components being required, and auto-polarity (reverse polarity correction) drcuitry 

The 1 0OBase-X portions of the PHY are fully compliant with ANSI twteted pair physical media dependent (TP-PMD) 
and IEEE 802.3u specifications and indudes synth^ed rise time control for reduced electromagnetic interference 

70 (EMI), so that no external capacitors are required for EMI control. The PHY includes a programmat>le transmit voltage 
amplitude for MLT-3 waveform generation and indudes an integrated receiver and transmitter having integrated adap- 
tive equalization drcuitry and integrated baseline wander correction (DC restoration) drcuitry. The PHY allows opera- 
tion on twisted wire pair lengths ranging from 0 to 100 m^ers. The PHY allows for programmable or adaptive 
equalization control and indudes a transmit off capabiFrty. for true qui^ line state. 

75 Rgure 2 depicts the interconnection of the PHY of the present invention with external components. The 10/100 
PHTs differential line drivers are designed to drive at least 100m of CATS cat)le in 100Base-TX mode and in excess of 
100m CAT3 (or CATS) cable in lOBase-T mode. As depicted in Figure 2. three transmit output pins (AXMTP. AXMTN, 
and a center tap connection ACT) interface to a single Valor PT4171S (or eqiivalent) transformer for both operating 
modes. Tl^s simplifies the external connection to a single RJ-45 socket wtiich is connected directly to the trar^former 

20 secondary winding. 

The 10/100 PHY incorporates on-chip waveshaping for lOBase-T transmission and rise-time control for 100Base- 
TX transmission to enable the device to interface directly to the coupling transformer without the f>eed for external com- 
ponents other than two terminatfon res^rs depicted in Rgure 2. 

Referring new to Rgure 1 , there may be seen a 1 0Base-T transmitter section arxi a dgital-to-analog (DAC) transmit 
25 (DAC XMT) section that converts the digital output of the transmitter block to an analog signal for transmission over an 
appropriate transmissfon mecfium, such as for example, but not limited to, a twisted pair. There may also be seen a 100 
Mbpstrarisnrvttersectkxi that provides an output to a serializerbkx^ XMT) 
section. 

The 1 0 Mbps transmitter has a waveshaping portkm that serves to take the data to be transni^^ 
30 to a transmit enable signal (TXEN) attempt to transmit a data stream (VXD) ever the transmssion m^um. The 10 
Mbps transmitter provides a DAC wave control signal and provkles a n Wer serializer. This bkx:k of the transmitter pro- 
vides a transmit ckx:k signal fTXCLiQ to the devfoe supplying the data stre^ 
for the transmitter. 

Similarly, the 100 Mbps transmitter has a transmit dock output signal (TXCLK), a collisbn output signal (COL) and 
. ^M.carrier sense output signal (CRS) output to the device supplying the data str^^ 

data stream CTXD). a transmit enable signal (TXEN), and a transmit erra signal (TXER) from the devfoe stfjplying the 
data stream. 

As depkrted in Rgure 2. the two receiver input pins of the 10/100 PHY (ARCVP and ARCVN) must t>e connected 
to a properly terminated transmission One through an external isolation transformer, wtikii is the same transformer 
40 enrpfoyed for the trartsmit portions of the PHY. A single receiver input wir^ 
tiplexing functkxis performed internally to the devfoe. 

The receiver drcuitry win establish its own comrrKHi mode input bias voltage and no extenrtal resistor divider net- 
work is required. A sinrple exterr^ teriniriafon network corisisti^ 

ure 2, is presently preferred. Data received ftom the network is output on ttieMRXDrAMeol the Mil, syrKhroru^ 
45 the ridng edge Of the corresponcfingMRCLK signal. The MRCLK frequency automatk:allya^ 
lOBase-T mode and 25MHz in lOOBase-X mode. 

Relerrnrig new to Rgure 1 , the 1 0Base-T receiver incorporates a sniart squekii ft^^ 
data to pass if the input amplitude is greater than a minimum si^fial threshold and a specific pulse sequence is received. 
This protects against impulse line noise being mistaken for signal or link activity. The squefoh drcuits will quickly deac- 
50 tivate if pulses are received which are outside the specifications. Overly long pulses will not be mistaken as link pulses. 
The 100Base-TX receiver depicted in Rgure 1 contains the necessary drcuitry to decode the MLT-3 waveform and 
provide a data nibble on the MRXD (0-3) pins. After the devk» receives a MLT-3 signal, the signal is immecfiately arrpfi- 
tied and equafized. Thte allows reception over a minimum of 100m of CATS cabla The MLT-3 signal has its fow fre- 
quency component remcved; this conrponent may arise as a consequence of long delays without transitions In 
55 transforrner coupled drcuits and often referred to as basdine wander. The id 

NRZI, then re-synchronized to its own recovered dock using a digital phase-locked foop techniqua The re-dod^ data 
is then deseriafized into &bit code groif>s, descrambled and SB4B decoded. When a start of stream delimiter is 
detected in the SB data stream the following frame is output on the Mil. 
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As may also be seen from Figure 1. both a 10Mbps receiver (10Mbps RCV) block arvi a 100Mbps receiver 
(100Base-TX RCV) block receive signals from the transmission medium. The signal from the 10 Mbps tkxk is provided 
to a control block (10 BASE-T MAU) that serves to evaluate the received signal and perform selected frinctions. such 
as. ior example, but not limited to. smart squeteh. signal quality error (SQE) test signal qualification and collision detec- 
tion. This control block provides a collision detect {COl) and carrier sense signal (CPS) to any device receiving any 
data stream coming over the transmissfon mecfium. In additioa this block provides the received signals to another bkx:k 
that samples the data, synchronizes a PLL to the data dock, and nOsble packetizes before supplying the data (RXD) and 
its dock signal (RXCLK) to the device: it also supplies the receive data valid (RXDV) signal to the devica 

The 100 Mbps receiver (100Base-TX RCV) bfock of Rgure 1 performs baseline wander correction and equalizes 
the received signals for the length of the transmissfon medium over which the signals have been fransmitted. Th^ 
recover bfock provides the received data to a first confrol bfock that performs data sampling, 58 packetizing and syn- 
chronization with a digital PLL The resulting signals are then provide to a second confrol block that indudes a receive 
state machine and that performs NRZI-NRZ decoding, descrambling. 5B4B decocfing, and bypass multiplexing. Signals 
from the first confrol block are also provided to a link monitor and far end fault detector. The resulting received data from 
the second confrol block is provided to the device as receive data (RXD), along with the receive data dock (RXCLK), 
data receive data valid (RXDV) and receive error (RXER) signals. 

In addition, there may be seen an auto-negotiation UocK an analog PLL block and an LED confroller block, an Mil 
management bfock, and a JTAG block in Rgure 1. 

The LED confroller block provides appropriate signals for LEDs ttiat may be used to indicate the status of operation 
of ttie PHY. The 10/100 PHY has 4 pins which are designed to drive LEDs for ACTIVrTY. DUPLEX/COLLISION, LINK 
and SPEED. The circuitry contains an open drain NMOS device for the LED driver and tiie LEDs shouM be connected 
to digital 3.3V through a current limiting resistor. The value of the resistor dep^xis on the LED type. 

The LINK LED will illuminate when the PHY has established a valid link in lOBase-T mode. In 100Base-TX mode 
it indicates that the descFarTt>ler has locked onto the data and that the 10/100 PHY is in a state where it can fransmit 
and receive data. The LINK LED will flash during auto-negotiation in response to page reception. This provides an Indi- 
cation of link activity to the user as the auto-negotiation process may take several seconds to complete. 

The ACnvrTY LED will illuinnate when the PHY is transmitting or receiving data. This LED will illuminate for a min- 
imum duration of 20ms for each activity. Its operation is the same in both speed modes. 

The DUPLEX/COLLISION LED will illuminate continuously when ttie PHY is in fuU duplex mode, and will iUuminate 
for a minimum duration of 20ms when collisions occur in half duplex mode. In the event of a continuous or frequent col- 
lisions ttiis LED will flash at 10Hz. 

When in 1 0Base-T mode and not in auto-negotiation nrxxie (described befow), the 1 0/1 00 PHY wiD send fink pulses 
out on the data out (DO) drcuit separated tyy an interval of 16 milliseconds {rvs). 

The receiver will look for valid link pulses on the input wire pair. If a link pulse is not received within a given time 
rr.interval then.the device will enter-aJinkfail slate. In th^^ pulses will continue to be^enerated, and the receiver - 

will constantly look for the link pulse pattern. The PKIY preferably remains in this state until a valid receive packet or mul- 
tiple legal link test pulses are received. Link pulses of the opposite polarity are also received and qualified in ttie same 
manner as normal link pulses. This is used to provkle an indication that the receive pair connections are reversed arvl 
an automatic internal re-configuration occurs to correct this problem. Reverse polarrty correction is not required in 
100Base-TX mode where ttie data is MLT-3 encoded. 

The auto-negotiation bkxic indudes receive, fransrnit. and arbifration state rnachines for co^^ 
receive blocks. TTiisbk)ck also includes tinriers and an NIJ> state nr^^ Furttter. it is connected to ttie Mil block and 
performs autopolarrty conrection. 

The 1 0/1 00 PHY fully supports IEEE 802.3u autOHfiegotiation, including next page transfer. When enabled, this fea- 
ture alk]ws the 10/100 PHYtonegot^ewrttianyottier auto-negotiation capable PHY on its link segment, to establish 
their highest common protocol. Until a PHY has complied its negotiation it will not assert LINK. More details of the link 
partner's abilities may be obtained by reacting data in the 10/100 PHY registersw 

For lOBase-T mode, wtiile in loop back mode all receive activity ottier than link test pulses, is ignored. However, 
squelch information is still processed, allowing the link status to t>e maintained under nxxnentary loop back self test 

The PHY implements the full auto-negotiation standard, including next page capat)ility. The three pins CAU- 
TONEG. CSPEED and CDUPLEX are used to erttier directly configure ttie link speed or to set and report aufrMiegoti- 
ated speeds. F^ure 3 depicts the aufrMiegotiation signal waveforms for these ttiree signals and the SLINK signal. 

When CAUTONEG is denasserted low, ttie CSPEED and CDUPLEX pins determine ttie link conf^uration. Botti 
CSPEED and CDUPLEX pins have weak pull-ups. giving a default configuration of full duplex 100Base-TX when left 
unconnected. 

The rising edge of CALTTONEG is used to latch the values of ttie CSPEED and CDUPLEX pins into ttie autOHfiego- 
tiation fogk:. The external confroller must stop driving these pins within 1200ms (maximum) after C/\UTONEG is 
asserted high. 
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The PHY will commence negotiation as soon as CAUTONEG s asserted. TTie fhal 750ms (minimum) of an auto- 
negotiation are to allow a hysteresis timer to er^re the Onk has remained stable for a reasonable tima During th^ time 
the PHY drives the CSPEED and CDUPLEX pins to indicate the link configuration. The external contioner latches the 
values of these two pins on the rising edge of the SLINK pin. 
5 The external controller shouM not attempt to start driving either CSPEED or CDUPLEX whfle CAUTONEG is 
asserted high. 

Table 1 summarizes the meanings of the values latched in from the CSPEED and CDUPLEX pins when auto-nego- 
tiation has commenced. 

10 

Table 1 



CSPEED 


CDUPLEX 


10Mbps HDX 


10Mbps FDX 


100Mbps HDX 


100Mbps FDX 


1 


1 


Yes 


Yes 


Yes 


Yes 


1 


0 


Yes 


Yes 


Yes 


No 


0 


1 


Yes 


Yes 


No 


No 


0 


0 


Yes 


No 


No 


No 



20 

At initial power up the PHY will perform an internal reset. No external reset circuitry is required. However operation 
of the 10/100 PHY is not specified for 50 milfiseconds (ms) after power upi 

During operation, a full reset of the device can be performed t>y taking the MRST# pin low for a durHtk>n of not less 
than 50 microseconds Qis). Correct operatfon of the device is not guaranteed for a duration of 50ms after the MRST# 
25 pin is de-asserted high. 

The JTAG bfock includes a conventional JTAG port and is compliant with IEEE standard 1149.1; the JTAG test 
access port is comprised of five pins fhsA are used to interface sertaDy with the device and the board on which it is 
installed for boundary-scan testing. 

The Mil Managc^nent bfock alfows the PHY to perform various Mil functions, such as. for exarrple. but not limited 
30 thread and write coritrol and irrterruptcontrd. The Mil Managemernbkx^ 
taining standard Mil infbrnrtation and a plurality of registers for other ises. Fi^ 

map for the PHY of the present inventfon. The eight registers m the upper portfon of Rgure 4 are the generic registers 
marKlated by the Mil specification. The registers shown with a TX* pr^ix are Tl specific registers. There may also t>e 
other registers employed by the PHY of the present invention. All other regteters read as zeros. 
...35 .....,..,. By>asserting 'the^CLOOPBK#..pin .on the device^ or by- setting. the LOOPBK.tHtJn 4he^generiCvControl register- 
(GEN_ctf). the transmit circuit of ttie PHY is looped back to the corresponding receive circuit as dose to the twisted pair 
IA3 pins as possfol& 

The IEEE 802.3u Mil serial protocol allows for up to 32 different PMDs, with up to 32 (16-bit wkie) internal registers 
in each devfoa The 10/100Base-T PHY implements a plurality of internal registers, some of whKh are hardwired. 
40 The default or IDLE stateof the two wire Mil is a fogfoor)a All tristate drivers wfll be disabled and tfm PH^ 

up resistor will pull the MDKD fine to a fogfo one. Prior to init»ting any other transaction, the station management entity 
sends a prearrible sequence of 32 contiguous fogic orie bits on MDIO wHh 32 a)rrespondi^ 
vide the PHY with a pattern that it can use to establish synchronization. A PHY observe 

one bits on MDIO with 32 corresponcfing cydes on MDCLK before ft responds to any other transactions. Figure 5A 
45 depk:tsttie frame fbmnat for a Mil read. Figure 5Bdepk:ts the frame fbrrnat for a Mil writa A brief description of these 
Mil format fieUs is as fonows. 

Start Delimiter 

50 The start of a frame s indicated by a 0 1 pattem. This pattern assures transitions from the default logic one line state 
to zero and back to on& 

Operation code 

55 The operation code for a Read is 10. while the code for a write is 01. 
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PHY address 

Ihe PHY address is 5 bits allowing 32 unique PhlY addresses. The first PHY address bit transmitted and received 
is the MSB of the address. The 10/100BASE-T PHY address s set using the CDEVSEUM pinSw 



5 



Register address 

The Register address is 5 bits allowing 32 individual registers to be addressed within each PHY. 
10 Turn-around 

An idle bit time during which no device actively drives the MDIO signal stiall be inserted between the register 
Address field and the Data field of a read frame in order to avoid contention. During a read frame the PHY drives a zero 
bit onto MDIO for the bit time following the idle t>ft and preceding the Data field. During a write frame this field consists 
15 of a one brtfbllowed by a zero bit 

Data 

The Data field is 16 bits. The first data bit transmitted and received is the MSB of the data payload. 
Quiescent/lntempt Enable cycles 
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The Quiescent Cyde is the cycle following the data transfer in which both the MAC Controller and the PHYs will not 
drive the MDIO pin. On the following rising edge of MDCLK after the Quiescent cyde while the MDC is also high, the 
25 MDIO may be driven LOW by the PHY to indicate that a PHY intermpl is pending. 

Figure 6 depicts the bit positions and signal names assodated with each t)it position for the generic control register, 
GENjctl. TebAe 2 illustrates the generic control register bits, signal names and functions. 

Table 2. 

30 

Bit Name Function 



35.. 



40 



45 



50 



55 
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15 


RESET 


PHY Reset: Writing a one to this bit will 
cause the PHY to be reset and all registers 
except GEN_ctl to be reset to their default 
values. RESET is self-clearing - it will 
return a value of one when read until the 
internal reset is complete (which will take no 
monger tnan duuiels) . Writing a zero to RESET to 
zero (default) has no effect. This bit is 
self-clearing and defaults to zero. 
NOTE: This operation may interrupt data 
communications . 


14 


LOOPBK 


Loopback: This bit enables/disables internal 
loopback within the PHY device. When LOOPBK is 
set to one (default), data is internally 
wrapped within the PHY and does not appear on 
the network. When LOOPBK is cleared to zero, 
data is transmitted to and received from the 
network. Whilst the PHY is in loopback all 
network lines are placed in a non-contentious 
state. 

The value read as the LOOPBK bit is the 
logical OR of the register bit and the (active 
low)^^'^CLOOPBK# pih-^n'ext'^^^ — ^ ^ - 
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Speed Select: Link speed can be selected via 
either the Auto-negotiation process, or manual 
speed selection. The default value of this bit 
is one. 

Manual speed selection is available when 
Auto-negotiation has been disabled. The speed 
is determined either by the value of this bit 
(when AUTONEG is zero) or the value of the 
CSPEED pin (when AUTONEG is one and the 
CAUTONEG pin is low) . When Auto-negotiation is 
disabled, setting SPEED to one (default) 
configures the PHY for 100Mbps operation, and 
clearing SPEED to zero configures the PHY for 
10Mbps operation. 

The value read from the SPEED bit reflects 
the currently selected speed mode, whatever the 
source of the configuration may be (i.e., this 
bit, the CSPEED pin or the result of a 
negotiation) . 
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12 


AUTONEG 


Auto-negotiation Enable: This bit 
enables/disables the Auto-negotiation process. 


5 






When AUTONEG is zero, the link shall be 
configured via the DUPLEX and SPEED bits, and 
the PHY will inclement the appropriate link 


10 






integrity test. 

When AUTONEG is set to one (default). Auto- 
negotiation is enabled and the PHY will engage 


15 






in the Auto-negotiation process when a LINK 






FAIL condition is detected or the AUTORSRT bit 
is set. The link should not be treated as 
valid until the AUTOCMPLT bit and LINK bit both 


20 






become set to one as Auto-negotiation may 
comp 1 e t e having f ound no common 1 i ne 
configuration . 


25 






The value read as the AUTONEG bit is the 
logical OR of the register bit and the (active 
low) CAUTONEG pin (external disable) . 


30 


11 


PDOWN 


Power-down: When PDOWN is set to one, the PHY 






is placed in a low power consumption state. 
The time required for the PHY to power up after 
this bit is cleared can vary considerably. 




.J ■ - 




primarily based on Whether li' c^^^^^^^ or crystal 
oscillator is connected to XTAL1/XTAL2. It is 
good practice to set RESET after this time to 


40 






ensure the PHY is in a valid state (this is 
unlikely to be necessary when a crystal 
oscillator is usedl th** rio-Fani-t- ttoIy^a 


45 

50 






PDOWN is zero. 






The value read as the PDOWN bit is the 
logical OR of the register bit and the (active 
low) CPWRDOWN# pin (external enable) . 



55 
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10 


ISOLATE 


Isolate: The function of ISOLATE is differs 
depending on whether the PHY is in Repeater 
mode or Node mode (determined by the REPEATER 
bit in TLPHY^ctl) . 

In Node mode, when ISOLATE is set to one 
(default), the PHY will electrically isolate 
its data paths from the Mil. In this state it 
will not respond to MTXDO-3, MTXEN, and MTXER 
inputs, and will present a high impedance on 
its MTCLK, MRCLK, MRXDV, MRXER, MRXDO-3 and 
MCOL outputs. It will however still respond to 
management frames on MDIO and MDCLK. 

In Repeater mode, when ISOLATE is set to one 
(default) the PHY will present a high impedance 
on its MRCLK, MRXDV, MRXER and MRXDO-3 outputs 
only. 

The value read as the ISOLATE bit is the 
logical AND of the register bit and the (active 
low) CISOLATE# pin (external disable) . 


9 


AUTORSRT 


Restart Auto-negotiation: If Auto-negotiation 
has been enabled by setting AUTONEG to one, the 
Auto-negotiation process can be restarted by 
,setting,. AUTORSRT. to a. one. ..... AUTORSRT. is . self 

clearing, and the PHY shall return a value of 
one in this bit until Auto-negotiation FLP data 
burst transmission has been initiated. When 
AUTONEG is cleared to zero, AUTORSRT will read 
as zero. The default value of AUTORSRT is 
zero. 
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8 


DUPLEX 


Duplex Mode: Duplex mode can be selected via 
either the Auto-negotiation process, or manual 


5 






duplex selection. 

Manual duplex selection is availed^le when 
Auto-negotiation has been disabled. The duplex 


10 






configuration is determined either by the value 
of this bit (when AUTONEG is zero) or the value 
of the CDUPLEX pin (when AUTONEG is one and the 
CAUTONEG pin is low) . When Auto-negotiation is 


15 






disabled, setting DUPLEX to one configures the 
PHY for full duplex operation, and clearing 
SPEED to zero (default) configures the PHY for 


20 






half duplex operation. 

The value read from the DUPLEX bxt reflects 
the currently selected duplex mode, whatever 


25 






the source of the configuration may be (i.e.. 






this bit, the CDUPLEX pin or the result of a 
negotiation) . 




1 


COLTEST 


Collision Test Mode: When COLTEST is set to 


30 






one and LOOPBK is set to one , the PHY will 
assert the collision detect signal MCOL 
whenever transmit enable MTXEN is asserted. 








The de f au 1 1 ^ y a 1 ue_ o f ^ COLTES T^ . i s ^ z er o.. _ ^ _ ^ ^ 


40 


6 

thr 

u 

0 




Reserved: Read and write as zero 



45 Figure 7 depk:ts the bftposftions and signal names associated 

QEN_sts. lable 3 iOustrates the generic status regster bits, signal names and ^jnctionsw 



50 
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Table 3. 



s 


Bit 


Name 


Function 




15 


0 


100BASE-T4 Ability: Not supported. 


10 


14 


1 


100BASE-TX Full-Duplex Ability: Supported by 
this PHY. 




13 


1 


100BASE-TX Half -Duplex Ability: Supported by 
this PHY. 


15 


12 


1 


lOBASE-T Full-Duplex Ability: Supported by 
this PHY. 




11 


1 


lOBASE-T Half-Duplex Ability: Supported by 
this PHY. 


20 

25 


10 
thr 
u 
7 




Reserved: Read and write as zero 


30 


6 


1 


MF Preamble Suppression: This PHY will 
accept management frames with preamble 
suppressed. Management frames sent over MDIO 
do not need to be preceded by the precimble 
pattern of 32 one's. 


35 

40 
45 


5 


AUTOCMPLT 


Auto-Configuration Con^lete: When AUTOCMPLT 
is- read- as- one, it indicates that- the Auto- 
negotiation process has completed and the 
values of registers AN__adv, AN_lpa, AN_exp 
and AN_np are valid. If Auto-negotiation is 
in progress/ or has been restarted and 
AUTORSRT is still set to one, or has been 
disabled by clearing AUTONEG to zero, the 
AUTOCMPLT bit will read as zero. 



50 
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4 


RFAULT 


Remote Fault: The RFAULT bit will be set to 
one during Auto-negotiation if an error in 
the protocol is detected and negotiation is 
restarted. If the negotiation involved the 
exchange of multiple Next Pages this bit will 
indicate that the first of those pages needs 
to be reloaded into 7^_np due to the restart, 
RFAULT is latched (held) as one until the 
register is read. The default value of 
RFAULT is zero. 


3 


1 


Auto-negotiation Ability: This PHY supports 
Auto-negotiation . 
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Link Status: In general, when LINK is set to 
one, the PHY is reporting a good link is 
available to the link partner for exchange of 
data. The value of LINK is latched (held) 
until the register is read. The default 
value of LINK is one. 

In lOBASE-T mode LINK is set to one when 
the PHY has determined that a valid lOBASE-T 
link is established. When read as a zero it 
indicates that the link is not valid. The 
PHY implements the standard lOBASE-T link 
integrity test state machine. Linkpulses are 
expected to be seen every 8 - 24ms to 
maintain a good link. If no linkpulses are 
seen for over 100ms the link invalid state is 
entered, and this bit is cleared. If AUTONEG 
is not set then the bit will be set again 
after seven consecutive, correctly timed 
linkpulses are received. 

In lOOBASE-X mode the LINK bit is set once 
the descrambler has locked onto the incoming 
data stream, and has remained locked for a 

minimum of .330jis . . . . . . . . . 

If AUTONEG is set then the link becoming 
invalid causes the auto-negotiation process 
to restart. 



45 



50 



55 
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1 


JABBER 


Jabber detect: The Jabber function is not 
specified for lOOBASE-X PHYs so JABBER will 
always read as zero (default) when the PHY is 
operating in its 100Mbps mode. 

When JABBER is read as one it indicates a 
lOBASE-T jabber condition has been detected. 
JABBER is latched (held) as one until the 
register is read. 

The jabber condition occurs when a single 
packet transmission exceeds 20ms (note this 
cannot happen through normal TLAN operation) . 
In the jabber condition all transmit requests 
will be ignored, the MCOL pin will be 
asserted high and collision detection will be 
disabled as will the internal loopback of 
transmit data (when in half duplex mode) . 

The T &bber rrinHi I"! r^n will -r^^w-c^-i c+- -p^-^ cic^ 
jo^xjtsx. i^uiiux Liuii wi±± persist ror o/bms ~ 

628ms after the de-assertion of MTXEN before 

packet transmission may recommence. 


0 


1 


Extended Capability: This PHY inclement s an 
extended register set. 



Rgure 8 depicts the bit positions and signal names associated with each bit position for the generic identifier reg- 
ister, GEN_id_hi/ GEN_idJa 

Figure 9 depicts the bit positions and signal nanies associated with each bit posi^ 
tisement register. AN_adv. Table 4 iOustrates the auto-negotiation advertisement register bits, signal names and func- 
tions. 
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Table 4 



Bit 


Name 




15 NP 


Auto-negotiation Next Rage: When NP Is set to one the Auto-negotiation 
process will indicate to the Link Partner that the PHY wishes to exchange 
Next Pages. The capability of the Link Partner to exchange Next Pages can 
be detB-mined by the value of the LPNPABLE t>it in register AN_expL If the 
Link Partner is capable of Next Page exchange and has also requested an 
exchange by setting the LPNP bit to one in the AN_lpa register, then the 
Auto-negotiation process will wait until the Next Page is written to the AN_np 
register, arxi tne unK rartner nas also nao ns Next rage loaded. The unk 
Partner's Next Page will then be received into the AN_lpa register. 

A consequence of ttiis process is that the PHY will fail to complete Auto- 
negotiation if for some reason the PhfY and its Unk Partner agree to 
exchange Next Pages, but the Unk Partner never sends its Next Page. It is 
advised that a software timeout is implemented which will force re-negotia- 
tion with NP cleared to zero to escape this deadlock situation. 

The default value of NP is zero. 


14 




Acknowledge: Reserved for internal use of the Auto-negotiation process. 
Write as zero, read as Doni Care. 


13 


RF 


Remote Fault: When RF is set to one the PHY will indicate a Remote Fault 
condition to its Unk Partner. The type of fault as well as the aiteria and 
metnod of fault detection is PHY specirc The default value of RF is zera 


12 thru 9 


Technology Ability Field 


Auto-negotiation Advertised Technotogy At)ility: This 8-bit value is sent to the 
unK-Partner to incncate the abilities of trie TLAN PHY. Unsuppmed atMrbes 
camot fc>e advertised , wtiich for this P HY means bits 1 2 thru 9 are read-on ly 
arxl always read as zero. The d^autt value of the Technology Ability Reld is 
to advertise all available capatxiities (0000.1 1 1 1). 


8 


1 0OBASE-TX Full duplex: Set to one to advertise availability to the Unk Part- 
ner. 


7 ■ ' ■ 


iOOBASE-TX Half duplex: Set to one to advertise av^labiiity tottie Link Part- 
ner. 


6 




1 0BASE-T Full diplex: Set to one to advertise to availabitity the Unk Partner. 


5 




1 0BASE-T Klalf duplex: S^ to one to advertise to availability the Link Part- 
ner. 


4thru0 


Selector Field 


Auto-negotiation Selector Code: This fieM has a default value of 0001 . 
meanmg the PHY only supports IEEE 802.3 format fink code woKte. 



Figures 10A, 1 0B, and 1 0C depict the bit positions and signal names associated with each bit position for the auto- 
negotiation link partner abiTity register, AN_lpa. 

The Unk Partner At>Bity register, AN_lpa, has three different formats deperxfing on when the page has been 
rec^ved. The first page received from ttie Unk Partner is always in tiie Base Page encoding and is used by ttie PHY for 
auto-configuration. If ttie Unk Partner supports Next Page exchange ttien sut>sequentiy received pages can be in eittier 
Message Page or Unformatted Page encodings, which are determined by the value of the LPMP bit. Table 5 illustrates 
the base page register bits, signal names and functions. Table 6 Olustmtes the message p^e register bits, signal 
names and functions. Table 7 OlustFates ttie unformatted page register bits, signal names and functions. Table 8 illus- 
trates the message code fieUs for Tat)le 4. 
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Table 5. 



Bit Name Function 



15 


LPNP 


Lxnk Partner Next Page: When LPNP is set to one 
the Link Partner is indicating that it wishes to 
exchange a Next Page. See the description of NP 
in register AN_adv for more information on Next 
Page exchange. 


14 




Acknowledge: Reserved for internal use of the 
Auto-negotiation process* Write as zero, read 
as Don't Care. 


13 


LPRF 


Link Partner Remote Fault: When this bit is set 
to a one the Link Partner is reporting a remote 
fault condition. 


12 
thr 
u 
10 


Link 

Partner 

Technology 

Ability 

Field 


Link Partner Technology Ability Field: This 8- 
bit value specifies which capabilities the Link 
Partner PHY inqplements • Bits 12 thru 10 are 
reserved for future IEEE defined abilities and 
cannot be defined at this time (except that this 
PHY does not support them) . 


9 


100BASE-T4: Set to one if supported by the Link 
Partner . 
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8 




100BASE-TX Full duplex: Set to one if supported 
by the Link Partner, 


7 


100BASE-TX Half duplex: Set to one if supported 
by the Link Partner. 


6 


lOBASE-T Full duplex: Set to one if supported 
by the Link Partner. 


5 


lOBASE-T Half duplex: Set to one if supported 
by the Link Partner. 


4 

thr 

u 

0 


Link- 
Partner 
Selector 
Field 


Link Partner Selector Field: This 5-bit value 
encodes, the format of this register. The PHY 
only supports IEEE 802.3 format fields (as 
detailed in bits 12 thru 5 above) r code 00001. 
(The only other currently specified IEEE value 
is 00010, for IEEE 802.9a multimedia frames). 



Table 6 



15 


LPNP 


Link Partner Next Page: When LPNP is set to one the Link Partner is Indicaling 
that it wishes to exchange a further Next Paga See the description of NP in 
register AN_adv for more infonmation on Next Page exchange. 


14 




Acknowledge: Reserved for internal use of the Auto-negotiation process. Read 
as Doni Care. 


13 


LPMP = 1 


Link Partner Message Page: When LPMP.is set taone, regteter AN_lpa con- 
tains a Message Paga 


12 




Acknowledge 2: Reserved for intemal use of the Auto-negotiation process. 
Read as Doni Care. 


11 




Toggle: Reserved for intemal use of the Auto-negotiation process. Read as 
Doni Care. 


lOthruO 


Message Code FieM 


Message Code: 1 1 -bit Message Coda See Message Code ReM Values for 
descnptx)ns of the currently defined IEEE Message Codes. 



Table? 



15 


LPNP 


Link Partner Next Page: When LPNP is set to one the Link Partner is indicat- 
ing that it wishes to exchange a further Next Paga See the description of NP 
in register AN_adv for nrwre information on Next Page exchange. 


14 




Ackncwledge: Reserved for internal use of the Auto-negotiation process. 
Read as Doni Care. 


13 


LPMP = 0 


Link Partner Message P^e: When LPMP is cleared to zero, register AN_lpa 
contains an Unformatted Paga 
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Table 7 (continued) 



12 




Acknowledge 2: Reserved for interna) use of ttie Auto-negotiation process. 
Read as Dont Care. 


11 




Toggle: Reserved for internal use of the Auto-negotiation process. Read as 
DonlCare. 


10 thru 0 


Urrformatted Code Reld 


Unformatted Code: 1 1 -bit user code. The fonrnt of this code is determined 
by the preceding Message Code. See Message Code Field Vgilues. 



70 



Table 8. 

15 





Messag 


Bi thr Bit 


Message Code Description 




e 


t u 0 




20 


Code # 


10 






0 


GOOGGODOOGO 


Reserved for future Auto-negotiation use 




1 


GGOGGOGGOGl 


Null Message: The Null Message code shall be 
transmitted during Next Page exchange when 


25 






the local device has no further messages to 
transmit and the Link Partner is still 
transmitting valid Next Pages. 



30 
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2 


00000000010 


Technology Ability Extension Code 1 {one UP 
with Technology Ability Field follows) : This 
Message Code is reserved for future 
expansion of the Technology Ability Field 
and indicates that a defined user code with 
a specific Technology Ability Field encoding 
follows. 


3 


00000000011 


Technology Ability Extension Code 2 (two UPs 
with Technology Ability Fields follow) : This 
Message Code is reserved for future 
expansion of the Technology Ability Field 
and indicates that two defined user codes 
with specific Technology Ability Field 
encoding follow. 


4 


00000000100 


Remote Fault Niamber Code (one UP with Binary 
coded Remote Fault follows) : This Message 
Code shall be followed by a single user code 
whose encoding specified the type of fault 
that has occurred. The following user codes 
are defined: 

0 RF Test: Used to test Remote Fault 
operation. 
1* -Link Loss • - • — ■ - — 

2 Jabber 

3 Parallel Detection Fault: Sent to 
identify when PDFAULT is set. 
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00000000101 



Organizationally Unique Identifier Tagged 
Message: The OUI Tagged Message shall 
consist of a singled message code of 
0000-0000.0101 followed by 4 user codes 
defined below. The numbers indicate where 
each bit of the 24-bit OUI should be stored 
in the 11-bit user code. Bits 8-0 of the 
3rd user code and the fourth and final user 
code shall contain a user defined user code 
value that is specific to the OUI 
transmitted. 





Bi 


User Code Encoding of 






Bi 




t 


Orgcinizationally 






Unicjue 


t 




10 


Identifier 














0 


Is 

t 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


2n 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


d 
























3r 


1 


0 


User 


Defined 


User 


Code 


d 






Specific to OUI 










4t 


User Defined 


User Code 


Specific 


to 


h 


OUI 
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00000000110 



PHY Identifier Tag Code: The PHY ID tag code 
message shall consist of a single message 
code of 0000.0000.0110 followed by 4 user 
codes defined below. The numbers indicate 
where each bit of the 32-bit PHY ID (stored 
in GEN_id_hi register 0x2:15-0 and GEN_id_lo 
register 0x3:15-0) should be stored in the 
11-bit user code. Bit 0 of the 3rd user 
code and the fourth and final user code 
shall contain a user defined user code value 
that is specific to the PHY ID transmitted. 



Is 
t 

2n 
d 

3r 

d-. 

At 
h 



Bi User Code Encoding of 

t PHY ID 

10 



Bi 

t 

0 



Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


25 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 




Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


2 


2 


2 


2 


2 


3 


3 


3 


3 


3 


3 


4 


3 


2 


1 


0 


15 


14 


13 


12 


11 


10 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


Ox 


UD 


3. 


-3 


3 


3 


3 


3 


3.. 


3 




3 


UC 


9 


8 


1 


6 


5 


4 


3 


2 


1 


0 





User Defined User Code Specific to 
PHY ID 



2047 



11111111111 



Reserved for future Auto-negotiation use 



The use of Next Pages are summarized below: 

Both the PHY and the Link Partner irxficate Next Page ability for either to conrunm^e exchange of Next Pages. 
If both de^nces are Next Page capable, then both devices must serxJ at least one Next Page. 
Next Page exchange continues until neither device on a link tms nfv>re pages to transmit as indicated the 
LPNP/NP bits. A Message Page with a null Message Code Reld value is sent if the de^ has no other information 
to Uaiisiiut. 

A Message Code can carry either a specific message or infbnnation that defines hew any following Unformatted 
Page(s) should be interpreted. 

If a Message Code references Unformatted Pages, the Unformatted Pages immecfiately foOow the referencing Mes- 
sage Code in the order specified t>y the Message Coda 
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Unformatted Page users are responsible for controlling the format and sequencing for therr Unformatted Pages. 

Rgure 1 1 depicts the bit positions and signal names associated with each bit position for the auto-negotiation 
expansion register, AN_expi Tattle 9 illustrates the auto^egotiation expansion register bits, signal names and furictions. 

5 



Table 9 





Bit 


Name 


Function 


10 


15thm5 




Reserved: Read and write as zero. 




4 


PDFAULT 


Parallel Detection Fault: The PDFAULT bit is set to one during Auto-negotiation if the 
PHY detects a valid 10BASE-Tor 100BASE-TX link which then fails within 500-1 000ms. 
or if both the 10BASE-T and 100BASE-TX link monitors report a good Onk. PDFAULT is 
latched (held) until this regster s read, when it is cleared to zero (default). 


15 


3 


LPNPABLE 


Link-Partner Next Page Able: When LPNPABLE is set to one, the Link-Partner is irxlicat- 
ing that it implements the Auto-negotiation Next Page ability. The default value of LPN- 
PABLE is zera 


20 


2 


1 


N^ Page Aktle: This PHY supports Auto-negotiation Next Page exchange. 


1 


PAGERX 


Page Received: The PAGERX bit is set to one when a new Link Code Word has been 
received and stored in the ANJpa register. PAGERX is latched (heU) until this regpster is 
read, when it is cleared to zero (default). 


25 


0 


LPANABLE 


Unk-Partner Auto-Negotiation Able: When LPANABLE is set to one the PHY has 
received Link Code Word(s) from the Link Partner during Auto-negotiation. The value of 
LPANABLE is retained after Auto-negotiation completes, and will be re-evaluated only 
during a sut)sec^ent re-negotiation (whether caused a LINK FAIL concfition or a 
forced restart) or PHY res^. The delault value of LPANABLE is zero. 



30 

F^ure 1 2 depicts the bit positions and signal names associated with each bit position for the auto-negotiation next 
page transmit register. AN_np. Table 10 illustrates the auto-negotiation next page transmit register bits, signal names 
and functions. 
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Table 10 





Bit 


Name 


Function 


40 


15 


NP 


Next Page: When a Next Page with NP set to one is transmitted, 
the Link Partner is informed that yet another Next Page is to be 
transmitted. See Message Code Reki \^lues. The default value 
of NP is zera 




14 




Acknowledge: Reserved for intental use of the Auto-negotiation 
process Write as zera read as Donl Care 


45 


13 


MP 


Message P^e: When MP is set to one, AN_np contains a Mes- 
sage Page code fiekl. When MP is cleared to zera AN_np con- 
tanis an Unformatted Page code fieU. See Mess^e Code ReU 
Values. The default value of MP is zero. 


50 


12 




Acknowledge 2: Reserved for internal use of the Auto-negotia- 
tion proces& Write as zera read as Donl Cara 




11 




Toggle: Reserved for internal use of the Autx>-negotiation proc- 
ess. Write as zero, read as Dont Care 


55 


10 thru 0 


Message / Unformatted Code Field 


Message or Unformatted Code FieM: See Message Code RekS 
Values. The default value of the code f ieU is 000.0000.0001 , the 
Null Message code. 



24 



EP0 863 640A2 



Ftgure 1 3 depicts the bit positions and signal names associated with each bit position for the PHY identifier hrgh/low 
register. TLPHY_id. The TLAN PHY identifier high/lew reg^er is a hardwired 16 bit register that contains a Tl assigned 
identifier code for the TLAN PHY/PMIs. An additional identifier is required to identify non-IEEE 802.3 PHY/PMls, which 
are not otherwise stpported by the IEEE 802.3u Mil specification. The identifier code for the internal 10AI00BASE-T 
PHY is 0x0003. 

Figure 14 depicts the bit positions and sigr^ names associated with each bit position for the PHY control register, 
TLPHY_ctl. Table 1 1 illustrates the PHY control register bits, signal names arvi functions. 

Table 11. 



Bit Name Function 



15 


IGLINK 


Ignore Link: When IGLINK is cleared to zero 
(default), the lOBASE-T PHY expects to receive 
link pulses from the link partner (hub, switch, 
etc.) and will clear the LINK bit in the GEN_sts 
register to zero if they are not present. When 
IGLINK is set to one the internal link integrity 
test state machine is forced to stay in the LINK 

floors Q-Ha-f-ta ^TTQTi wVlATl Tin 1 ITlk" T^ll 1 A Tf* nO 

received, and also causes the LINK bit to stay set 
to one. 


14 


SWAPOL 


Swap Polarity: When enabled via the MANCONF bit, 
writing a one to SWAPOL will cause the PHY to use 
the reverse of the IEEE 802.3 standard polarity 
for the ARCVP/ARCVN lOBASE-T receiver input pair. 
This is used. ^ to, condensate for a cable in which 
the receive pair have been incorrectly wired. 
When SWAPOL is set to zero or MANCONF is set to 
zero, the PHY will atteiapt to automatically sense 
and correct for an inverted lOBASE-T receive pair. 
The default value of SWAPOL is zero. 
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13 


MANCONF 


Manual Configuration: Writing a one to MANCONF 
enables manual configuration of the PHY. The 
SWAPOL bit has no effect unless this bit is set. 
The default value of MANCONF is zero. 


12 


SQEEN 


SQE (Signal Quality Error or "^Heartbeat") Enable: 
When SQEEN is set to one the lOBASE-T PHY (when 
selected) will perform the SQE test function at 
the end of packet transmission. The default value 
of SQEEN is zero. 

The Signal Quality Error test provides an 
internal simulated collision to test collision 
detect circuit integrity after a transmission. In 
lOBASE-T mode, the SQE test asserts MCOL between 
600ns - 1600ns after the last positive edge of a 
frame is transmitted, with the collision event 
lasting for between 500ns - 1500ns. 


11 


MTEST 


Manufacturing Test: When MTEST is set to one the 
PHY is placed into manufacturing test mode. 
Manufacturing test mode is reserved for Texas 
Instrinaents Manufacturing test only. The default 
value of MTEST is zero. Operation of the PHY and 
Mil registers is undefined when this bit is set. 


. 10. 


FIBRE 


IOOBASEtFX, Mode: When^ FIBRE is^set to one the PHY 
will discible its cipher stream scrambler and 
descrambler. The default value of FIBRE is zero. 


9 


FEFEN 


Far End Fault Indication Enable: When both FEFEN 
and FIBRE are set to one the PHY will transiait the 
Far End Fault Indication symbol stream (consisting 
of 84 one's and 1 zero) whenever the 100BASE-FX 
sxgnsix ae^ecu xs o.e oisse£^L.eci. a±so aL. uiixo uj^c, 
the FEFI bit in TLPHY_sts will become set to one. 
The FEFI system is specified for use in 100BASE-FX 
Fibre applications only. The default value of 
FEFEN is zero. 
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8 


NOENDEC 


No Encode/Decode: When NOENDEC is set to one the 
lOOBASE-X PHY will bypass its 4B5B encoder and 
decoder. Instead it will take the 5-bit code 
presented on MTXDO-3 and MTXER (msb) as transmit 
data, and will present the received 5B code groups 
on MRXDO-3 and MRXER (msb) . The default value of 
NOENDEC is zero. 

The value read as the NOENDEC bit is the 
logical OR of the register bit and the (active 
low) CPASS5B# pin (external enable) . 


7 


NQALIGN 


No Symbol Alignment: When NQALIGN is set to one 
the lOOBASE-X receive symbol alignment block is 
bypassed and the 5-bit descrambled receive symbols 
are passed directly to the 5B4B decoder. 


6 


DUPONLY 


Duplex LED: When DUPONLY is set to one the 
LDUPCOL# LED driver will only indicate the duplex 
mode the PHY is operating in, and will not 
indicate network collisions. The default value of 
DUPONLY is zero. 


5 


REPEATER 


Repeater Mode Enable: When REPEATER is set to one 
the PHY will not assert MCRS in response to 
transmit activity. Also, the ISOLATE bit in the 
GEN_^ct 1 register wi 11 only tr istat e ^^the MRCLK, 
MRXDO-3, MRXDV and MRXER pins. The default value 
of REPEATER is zero. 


4 


RXRESET 


lOOBASE-X Receive Reset: Writing a one to this 
self -clearing bit allows the lOOBASE-X receive 
logic (descrambler, aligner and 5B4B decoder) to 
be reset without affecting other parts of the PHY. 
The default value of RXRESET is zero. 
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NOLINKP 



Disable Linkpulse Transmission: When NOLINKP is 
set to one and IGLINK is set to one the PHY will 
not transmit any form of link pulses. In lOBASE-T 
applications the Link Partner will not detect a 
good link and so will not transmit any data, 
unless it is not implementing the Link Integrity 
Test (e.g., a TLAN PHY with IGLINK set to one) . 
Auto-negotiation should be disabled by clearing 
AUTOENB to zero when NOLINKP is set as no Auto- 
negotiation fast link pulses will be transmitted 
to the Link Partner. NOLINKP has no effect on the 
PHY If IGLINK is cleared to zero. The default 
value of NOLINKP is zero. This mode of operation 
is provided for application test purposes. 



NFEW 



Not Far End Wrap: This bit only has meaning when 
the LOOPBK bit of the GEN_ctl is set to one. 
Writing a one to NFEW will cause the PHY to wrap 
the MTXD input data to the MRXD output just after 
the Mil interface. Writing a zero to NFEW will 
cause the PMI to wrap the TX data to the RX just 
before the network transceiver interface (either 
lORASE-T or 100BASE-TX) . When NFEW is set to one 
preamble will be wrapped without degradation (in 
normal operation the PHY may lose some preamble 
bits during initial clock recovery 
synchronization) , The default value of NFEW is 
zero. 



INTEN 



Interrupt Enable: Writing a one to INTEN allows 
the PHY to generate interrupts on the Mil when the 
MINT bit is set to one. Writing a zero to INTEN 
will prevent the PHY from generating any Mil 
interanipts^ INTEN does not disable test 

interrupts. The default value of INTEN is zero. 
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0 


TINT 


Test Interrupt: When TINT is set to one the PHY 
wxxx ^dici>ciL.t; xiiucx. X LL^Lo uxi uiic m. X f X r xeopscL. J. V6 


5 






of the value of the MINT and INTEN bits. TINT is 
to be used for diagnostic test of the Mil 
interrupt function. The default value of TINT is 


10 






zero. 



75 Figure 1 5 depicts the bit positions and signal names associated with each bit position for the PHY status register. 
TLPHY_sts. Table 12 illustrates the PHY status register bits, signal names and functions. 



Table 12 



20 


Bit 


Name 


FufKtion 




15 


MINT 


Mil Interrtpt: This bit indicates an Mil interrupt condition. The Mil interri4]t request will be 
activated and latched (held) until this register is read. Writing to this bit has no effect 
MINT is set to one when: 


25 




• 


PHOK changes state. 

LINK cfianges state, or is different from either the last read value or the current state of 
the Gnk. 

SYNCLOSS becomes set to a one^ 


30 




• 


FEFI t>ecomes set to ona 
JABBER changes stata 
RFAULT beconrtes set to a one. 


35 






PAGERX t)eccNTies set to a one, 
AUTOCMPLT changes state. 

These intenrupt sources are only active when MANCONF in TlPHY_ctI is set to one. arxi 
set MINT to one when: 


40 




• 
• 


SIGDET changes state. 
POLDK changes stata 


45 


14 


PHOK 


PCMrer hKgh O.K.: When PHOK becomes set to one it incficates that the inte^ 

osallator circuit has t>egun to osciDate (and perforn^ arourxl 75 cydes). PHYsourced 

clocks (MRCLK and MTCLK) are not valid until at least the time that this bit ^asserted. 

ff a crystal is conrtected to XTALI/XTAI^ ratfier than a crystal osctllato 

may take up to 50ms to beoxne stable, and the PHY will require the RESET bit to be set 

toensu-eitis in a valid stata When PHOK is zero the PHY not in a fuOy operational 

stata 


50 


13 


POLOK 


Polarity O.K.: When POLOK is set to one (defaurt) the 10BASE-T PHY is receiving valid 
(non-inverted) link putees. If POLOK becomes cleared to zera it indicates tfiat a 
sequence of 7 consecutive inverted link pulses have been detected. POLOK is reset to 
one wtienever a normal link puise is received. 


55 


12 


SIGDET 


1 0OBASE-X Signal Detect: When SIGDET is set to or^ it indicates that the PKIY is receiv- 
ing valid 1 0OBASE-X signaOng. If the PHY is operating in fibre mode then this bit reflects 
the value on the FSDP/FSDN pins otherwise it indk^ates that the on-chip 100Mbps 
receiver equalizer has settled. 
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Table 12 (continued) 



Bit 


Name 


Function 


11 


SYNCLOSS 


100BASE-TX Receive Descrarrtier Synchronization Loss: The 100BASE-TX descram- 
Uer expects to receive at least 12 consecutive IDLE synnbots every 722fis. Kthesearenot 
seen then SYNCLOSS is set to one. and the descramtsler will attenrpt to re-synchroraze 
hself to the inconvng scrantsled data stream. The value of SYNCLOSS is latched (held) 
high until this register is read. 


10 


FEFI 


Far End Fault IncGcation: When enat^led via the FEFEN bit in TLPHY_cd. this t>it will k>e 
set to one rf the FEFI signaling sequerx^e is being transmitted by the link partner. The 
value of FEFI is latched (held) high until this register is read. 


9thruO 




Reserved: Read arxi write as zero 



Rgure 16 depicts the pn positions and signal names associated with each pin position for the 10/100 PHY of the 
present inv&ition. Tables 13A. 13B. 13C. 13D, 13E. 13F. 13G, 13H. and 131 illustrate the various pins, signal names and 
functions. 



Table 13A 



Network Interface Pins 


Pin 


Name 


Type 


Function 


1 


ACPLL 


an 


RLL capacitor: Capacitor required for an internal pfiase-locked loopi Value T.B.D. 


2 


ACBLW 


an 


B.LW. Capacitor: Capacitor for the Baseline-Wander correction loop. Value T.B.D. 


3 


ACAGC 


an 


A.G.C. Capacitor: Capacitor for the Automatic Gain Control loop. Value T.aD. 


4 


AVDD 


supply 


Power: Analog 3.3V supply cormectioa 


5 


AVDD 






6 


AIREF 


an 


Anak)gue Current R^ence: An external resistor between this pin and anatog 
ground s^ tfte bias current for internal analogue circuits. Value T.B.D. but cur- 
rently at 7500 Ohms W- 1%. 


7 


AGNDS 


supply 


Grourd: Independent ground connection for the internal device scrbe seal. Con- 
nect to analog GND. 


8 


ATXREF 


an 


100BASE-TX Transmit Reference: An external resistor between this pin and ana- 
k)g ground sets the 100 BASE-TX transmit anrplitude. Value T.B.D. but currently at 
2500 Ohms +/- 1% for U.T.R 


9 


AGND 


supply 


Ground: Analog Ground connectioa 


10 


AGND 






11 

12 


XTAL1 
XTAL2 


3.3V an 


Crystal: Connect a 20MHz crystal and capacrtor network between these pins or 
drive X1AL1 . Afterrtativeiy an exterrial crystal oscBlaAor (with a 
3.3V) may be connected to these ptna 


13 


AVDD 


suppty 


Ptwer : Analog 3.3V suppty connectioa 


14 


AVDD 






15 


ATEST1 


an 


Analogue Testi : A T.I. analog test pin. Treat this pn as a no-connect (N/C) 


16 


AGND 


supply 


GrourvJ: Anak>g G^outkI connection. 


17 


N/C 




No connect: Leave tfiis pin urKX>nnected. 



Key to Pin Types: 



in Input only pin 

out Output only pin 
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Tii-state t/0 pin 
o/d Open Drain output pin 
an Analogue sigml pin 
supply Power supply or ground pin 



Table 13B 



External Configuration Pins 


Pin 


Name 


Type 


FuTKtion 


18 
19 
20 


CDEVSELO 
CDEVSEL1 
CDEVSEL2 


3.3V In 


Mil Device Select Address bit 0: The value of CDEVSEUM pins are latched 
into the Mil Managennent Interface on the rising edge of MRST#. This allows 
a unique address to be assigned to the PHY in applications wh^e multiple 
PhlYs are in use. 


21 


CREPEATER# 


3.3V In 


Repeater Mode Enable: This pin is logically OR-ed with the REPEATER bit in 
the TLPHY_ctl register to enat)tes (active low)Adisable repeater nrxxie. 


22 


CSERTEST# 


3.3V In 


Reserved for Tl Manufacturing Test. Ck>nnect to VDD via a pull-up restetor. In 
serial test mode, auto-negotiation is disabled and selecting 10Mbps nrxxle 
will cause the PHY to power down. 


23 


DVDD 


supply 


Power: Digital 3.3V supply connection. 



Table 13C 



LED Interface Pins 


Pin 


Name 


Type 


Function 


24 


LACTIVITY# 


3.3V Out 


Activity Indicator: This driver will light an attached LED in response to both 
receive and transmit activity within the PHY. 


25 


LDUPCOL# 


3.3V Out 


Duplex/Collision Indicator: This driver will light an attached LED in response to 
a network collision when the PHY is in a Kalf-dupIeK nibde of operatioa'The 
LED will be lit continuously when the PHY is in a full-duplex nrxxte. 


26 


DGND 


supply 


Ground: Digital G^round connection. 


27 


LJJNK# 


3.3V Out 


Link Status Incficator : This driver will light an attached LED when the PHY has 
established a valid link with its partner. If auto-negotiation is enabled the driver 
win flash the LED during negotiation to indicate that it is attempting to est^t>tish 
a link This is useful as a negotiation takes a minvnum ol 3 seconds (cons^ 
erabty kiriger if Next Piage inlorrnalion is also being exchanged) 
nriay be tempted to renrnve the cable if tfie Erik light does not conrte on 
diatefy. The user wOl also be alerted to a network mts-conliguration (where no 
common ability exists between the two lirtk partners) by a coritinuously fl^^ 
ing LED. 


28 


LSPEED# 


3.3V Out 


Link Speed Indicator: This driver will light an attached LED when the PKIY has 
established a valid 100BASE-X link with its partner. 


29 


DGND 


supply 


Ground: Digital Ground connectkxi. 
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Table 13D 





External Configuration Pins 


5 


Pin 


Nanrre 


Type 


Function 


10 


30 


CLOOPBK# 


In 


Loopback Enable: Th^ pin enables (active low)/cfisables Internal loopback 
within the PHY device and is ec^ivalent to the LOOPBK bit in the GEN_cti 
register except that the pin is Active LOW. 


31 




supply 


Power: Digital 5V supply connection. 




32 


CPWRDOWN# 


In 


Power^iown Enable: This pin enables (active low)AJisables internal loopback 
within the PHY device and is equivalent to the PDOWN bit in the GEN_ctl reg- 
ister except that the pin is Active LOW. 


15 
20 


33 


CALTTDNEG 


In 


Auto-negotiation Enable: This pin enables (active highydisables auto-negoti- 
ation wittiin the PHY dence when the ANENABLE bit in the GEN_ctl reg^er 
is set to one. The values of the CSPEED and CDUPLEX pins are latched into 
the Auto-negotiation logic on the rising edge of CAUTONEG and are used to 
set the advertised capabilities. 


34 


CSPEED 


I/O 


Speed Configuration: When CAUTONEG is tow. this pin is logically OR-ed 
witi) the SPEED bit tiie GEN_ctl register to select eittier 10BASE-T (low) or 
100BASE-X (high) mode. After a rising edge on CAUTONEG and a com- 
pleted negotiation this pin will be driven with the negotiated speed. 


25 


35 


DVDD 


supply 


Power: Digital 3.3V stpply connection. 


30 


36 


CDUPLEX 


I/O 


Duplex Conf igiration: When CAUTONEG is low, this pin is k)gically OR-ed 
witti ttie DUPLEX bit tiie CENjcti register to select eittier half-duplex (low) or 
full-diplex (high) mode. After a rising edge on CAUTONEG and a cornpleted 
negotiation this pin will t>e driven witti the negotiated duplex. 


35 . 


37 


CPASS5B# 


In 


Pass-ttiru Mode Enable: When CR^SS5B# is bw. ttiis pin is logically OR-ed 
witti ttie IMOENDEC bit in ttte TLPHY_cti register to enable ttie 5B pass-ttiru 
mode. In this nxxle of operation the normal 4B5B encoding used in 
1 oodAoc-a is Dypassed. The oB code group to transmit is taken from 
MTXDO-3 and MTXER (msb). Receive data is desaambled and aligned and 
the resulting ttie 5B code presented on MRXDO-3 and MRXER (msb). 


40 


38 


CISOLATE# 


tn 


Mil Interface Isolate Enable: This pin is k)gk:ally AND-ed witti the ISOLATE bit 
in ttie GENjcti register to enable (active k)w)/cfisable Mil Isolate mode. When 
thePhlYisin Node mode, Rotating ttie Mil causes the PHY to tristateMTCLK, 
MRCLK, MRXDO^, MRXDV, MRXER, MORS and MCOL and it wSI not 
respond to MTXEN. When the PHY is in Repeater nmde only MRXCLK. 
MRXDO-3, MRXCV and MRXER are trisiated, hence ttie CISOLArE# pin acts 
as an active high Receive Enable function. 



45 



50 
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Table 13E 



External Status Pins 


Pin 


Name 


Type 


Function 


39 


SLINK (CDEVSEL3) 


IAD 


Link Status: When asserted high this pin indicates a good link has been 
estat)lished with the Bnk partner. When auto-negotiation is enatiled it 
also indicates that the CSPEED and CDUPLEX pins are being driven 
with the negotiated speed and duplex configuration. 

The value of this pin is latched on the rising edge of MRST# for use as 
CDEVSEL3. bit 3 of the Mil Device Select Address. 


40 


DGND 


supply 


Ground: Digital Cb^ound connection. 
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Table 13F. Media Independent Interface Pins 



Pi Name Type Function 

n 







Tn 


n±± iveoeu. xveseu sxgiiax to tne rMU rronu 
end (active low) . 


42 


MDIO 


I/O 


Management Data I/O: Serial management 

xii L.CI. JL oii.«t; LvJ irmj L>Xlj.p • nUxU ±S 

synchronous to MDCLK, 


43 


MDCLK 


In 


Management Data Clock: Serial management 
xiiL.exri.oic^6 to ccLU cxijip. 


44 


DVDD 


supp 

ly 


Power: Digital 3.3V supply connection. 


45 


MRXER 




ixtji^c JL V j:*i.i.ui. j.xitijLc,a Les recepuxon or a 
coding error on received data. MRXER is 
svncihroTioii^ tr* MTiPT.K 


46 


MRXDV 


Out 


Receive Data Valid: Indicates data on 

xxruvLafv ^ JLO vaxxiji* m\A.l^v Xo o YiiwXIx OilUUo UO 

MRCLK. 


47 


MRXD3 




i\cc^«?xvt^ uo.ua oxt o . wioDxe Kecexve oara 
bit 3 from the PHY. Data is synchronous 

tn MRPT-K 


48 


MRXD2 


Out 


Receive " Data ' Bit ^ * 2 : Nibble Receive^ ' data 
bit 2 . 


49 


DGND 


supp 

ly 


Ground: Digital Ground connection. 


50 


MRXDl 


Out 


Receive Data Bit 1: Nibble Receive data 
bit 1. 


51 


+5V 


ly 


Power: Digital 5V supply connection. 


52 


MEOCDO 


Out 


Receive Data Bit 0: Nibble Receive data 
bit 0. 


53 


DVDD 


supp 

ly 


Power: Digital 3.3V supply connection. 
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54 


MRCLK 


Out 


Receive Clock: Receive clock source from 
the PHY. This clock will be 2.5MH2 in 
lOBASE-T mode, and 25MH2 in lOOBASE-X 
mode. 


55 


MCRS 


Out 


Carrier Sense: This signal asserts when 
the PHY initiates a frame reception . 


56 


MCOL 

(CDEVSEL4 
) 


I/O 


Collision Detect: This signal indicates 
that the PHY is receiving data whilst also 
transmitting. This signal will not assert 
in full-duplex mode. 

The value of this pin is latched on the 
rising edge of MRST# for use as CDEVSEL4, 
bit 4 of the Mil Device Select Address. 


57 


MTXER 


In 


Transmit Error: This signal allows coding 
errors to be propagated across the Mil. 
MTXER is synchronous to MTCLK. 


58 


MTXEN 


In 


Transmit Enable: This signal indicates 
valid transmit data on MTXDO-3. MTXEN is 
synchronous to MTCLK. 


59 


DGND 


supp 

ly 


Ground: Digital Ground connection. 


60 


MTXD3 


In 


Transmit Data Bit 3: Nibble Transmit data 
bit 3 from the MAC. Data is synchronous 
to MTCLK. 


61 


MTXD2 


In 


Transmit Data Bit 2: Nibble Transmit data 
bit 2. 


62 


MTXDl 


In 


Trcinsmit Data Bit 1: Nibble Transmit data 
bit 1. 


\>o 




in 


Transmit Data Bit 0: Nibble Transmit data 
bit 0. 


64 


N/C 




No connect: Leave this pin unconnected. 


65 


DVDD 


supp 

ly 


Power: Digital 3.3V supply connection. 
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66 


MTCLK 


Out 


Transmit Clock: Transmit clock source 








from the PHY. This clock will be 2.5MHz 








in lOBASE-T mode, and 25MHz in lOORASE-X 








mode. 



Table 13G 



JTAG Test Port Pins 


Pin 


Name 


Type 


Function 


67 


JTRST# 


In 


Test Access Port Reset: Used to reset the test port controller (optional). 


68 


JTMS 


In 


Test Mode Select: Used to control the state of the test port controller within the PHY. 


69 


JTCLK 


In 


Test Clock: Used to dock state information and test data into and out of the device 
during operation of the test port 


70 


DGND 


supply 


Ground: Digital Ground connectkm. 


71 


JTDO 


Out 


Test Data Output Used to serially shift test data and test instructions out of the de^ce 
during operation of the test port 


72 


+5V 


supply 


Power: Digital 5V supply connection. 


73 


JTDI 


In 


Test Data Input Used to serially shift test data and test instructions into the device 
during operatbn of the test port 


74 


N/C 




No connect Leave this pin unconnected. 


75 


DGND 


supply 


Ground: Digital Qromd connectkxi. 



35. 



Table 13H 



Serial Test Mode Interface Pins 


Pin 


Name 


Type 


FunctkMfi 


76 


FXMTN 


an 


Serial Data Output Pair: Reserved for Tl Mamjfacturing Test. Treat as a Ho Connect. 


77 


FXMTP 


an 




78 


Dy/DD 


supply 


Power: Digital 3.3V supply conrtectk)n. 


79 


FRCVN 


an 


Serial Data Input Pair: Reserved for Tl Manufacturing Test. Treat as a No Connect 


80 


FRCVP 


an 




81 


DGND 


supply 


Ground: Digital Ground corviection. 


82 


FSDN 


an 


Serial Data Detect Pair: Reserved for Tl Manufacturing Test. Treat as a No Connect 


83 


FSDP 


an 





55 
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TaUel 



Network Interface Pins 


Pin 


Name 


Type 


Function 


84 


AVDD 


supply 


Power: Analog 3.3V supply connection. 


85 


ACT 


an 


Centre Tap: Connection to the priniary centre-tap of the transmit transformer. 


86 


AGND 


sipply 


Ground: Analog GrourvJ connection. 


87 
88 


AXWTTP 
AXMTN 


an 
an 


Transmit Pair: Differential line outputs from the device to the transformer and termi- 
nation components. 


89 


AGND 


sipply 


Ground: Analog Ground connection. 


90 


AGND 






91 
92 


ARCVP 
ARCVN 


an 
an 


Receive Pair: Differential line inputs to the device from the transformer arxi termina- 
tion components. 


93 


AVDD 


supply 


Power: Analog 3.3V supply connection. 


94 


ATEST2 


an 


Analogue Test 2: A T.I. analogue test pin. Treat his pin as a no-connect (N/C). 


95 


ATEST3 


an 


Analogue Test 3: A T.I. analogue test pin. Treat his pin as a na<x)nnect (N/C). 


96 


AVDD 


supply 


Power: Analog 3.3V supply connection. 


97 


N/C 




No connect Leave this pin unconnected. 


98 


ATEST4 


an 


Analogue Test3: A.TI. analogue test pin. Treat his pin as a no-connect (N/C). 


99 


AGND 


supply 


Ground: Analog Grourxi connection. 


10 
0 


AGND 







Referring now to Rgure 17, there nnay be seen a simplified block diagram of a 100Base-T differential line receiver 
35 1700. More particdarly.it may be seen that the receiver 1700 has two inp^ ...r ,r„., . . 

ARCVP 1702 and ARCVN 1704. These two differential signal inputs are the outputs from an external isolation trans- 
former (not depicted in Rgure 1 7) whk^h connects the transnnission line to the data soiree from wfiich the signals are 
received. 

As may be seen from Rgure 2, the receiver 1 700 does not require an external resistor cfivider network. Instead, the 

40 resistor divider nebwork is an initial portion of the receiver. This network consi^ 1708, 1710 

arranged on the input lines of the receiver. This network serves to reduce the voltage swings seen t)y later receiver cir- 
cuitry to atxxit half of what woukJ be seen without the resistor network. 

The (fiffereritial signals from the voltage cfivkier network are ap 
controOed ampiffier (VC/Q 1712 that serves Id boost the sigrel tor tosses that ocojred during trargnr i ^^ 

45 transmission Rna This boost IS preferably deperidert on frequefKy this is because t^ 

line is dependent upon frequency and the length of the Kna The two boosted outputs from the VCA are then each 
passed to a peak voltage detector 1714, 1716. 

The two peak voltage detectors 1 71 4, 1 71 6 sen^ e to perform two essential functions. One function is to determine 
the^amourn of baseline wander so that it may be renrxived. The ether function is to 

50 itrnaybeboostedtothecorrectlevel.viaafeecft>acksignal1718prQvidedtotheVCA1712^ 

when long delays occur t>etween signal level transitions; baseline wander occurs because the trarisfornriefs used to iso- 
late the transnussfon line have a low inductance and will cause any fixed level signal to slowly decay (with more decay 
occurring with rnore tirne) and any subsequent signal level transition d^ 
t>e necessary to provide an "edge". 

55 To compensate for baseline wander, the outputs from the detectors 1714, 1716 are provkied as inputs to an oper- 
ational arrplif^ fop amp") 1720. The first detector 1714 measures the high level of the signal including any baseline 
wander bias. Because the input sigr^ is a differential signal, the second detector 1 71 6 measures the Ngh level of tfie 
negative signal, including any bias from any k>aseline wander; however, this high level corresponds to the bw level (or 
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trough) of the signal seen by the first detector 1 71 4. That is. the two detectors 1 71 4. 1 71 6 nieasure the peak and trough 
of the signal, which is its peak-to-peak value. Accordingly, the bias from any baseline wander may be conrpensated for, 
since the true baseOne is half-way between the peak-to-peak vatua The op amp*s output is filtered by a capacitor 1 734. 
The output from the op amp 1720 may be compared to a reference voHage 1722 in an amplffier 1724 and then an 

5 appropriate level adjustment is made to the input signals to the VGA 1712 to offset any baseline wander bias. In this 
manner the baseline wander is removed before the signal enters any active ctrcuitry. alkiwing the VGA 1 71 2 more head- 
room, if needed, and in corTt>ination with the initial voltage divider of three resistors 1 706, 1 708, 1 71 0 lirrvts tfie voltage 
excursions seen by the VGA 1 712 at its irputs. 

One attemative to this relatively simple approach is to recreate the original transmitted signal and then subtract it 

10 from the incoming signal to detenmine the anx>unt of any baseline wander. However, because this is effectively a posi- 
tive feedback type of system, it can easily get out of control. 

A portion of the output voltage from the two peak detectors is dropped across a pair of resistors 1726, 1728 and 
the resulting output voltage is provided to another op amp 1730 where it is compared to a reference voHage 1732 and 
ttien used as the feedback signal 171 8 to the VGA to control the amount of boost provided by the VGA 171 2. The feed- 

75 t>ack 1 71 8 is filtered by a capacitor 1 736. Again, the amount of boost is preferably deperxient upon frequency. Prefera- 
bly, the amount of boost is dependent upon the length of the transmission line and frequency; that is. the anxxjnt of 
boost as a function of received signal strength is nxxiified as a function of frequerK;y. The frequency compensation is 
selected to offset the high frequency attenuation of the signal down the transmission line as a function of line length. In 
this manner the output of the VGA 1712 is adjusted to fall within a desired range of signal values for a desired range of 

20 frequencies. That is. the signal that was originally trartsmitted was transmitted at some known signal level, within a 
specified rarige of accuracy. This boost provides an output signal from the receiver at approximately the same level for 
the various frequency components as the original transmitted signal. 

The outputs from the VGA 1712 are further provided to a corrparator 1738 whose output is the data output 1740; 
that is, the signal corresponding to the received input signal, but suitably adjusted for any baseline wander and suitably 

25 adjusted for any signal losses occurring during transmission. 

Referring now to Rgure 18. there may be seen another simplified bfock diagram of a 100Base-T differential line 
receiver 1800. More particulariy, it may be seen that the receiver has two input lines that receive differential signal 
inputs. ARGVP 1 702 and ARGVN 1 704. These two differential signal inputs are the outputs from the external Nation 
transformer (not depicted in Rgure 18) whk;h is connected to ihe transmission fine. 

30 As may k)e seen from the t>fock diagram, the voltage divider network an initial portion of the receiver 1800 made 
up of resistors 1706. 1708, 1709, 1711 and capacitors 1701, 1703, 1705, 1707. This network serves to reduce the volt- 
age swtn^ seen by later active receiver drcurtry to atxxjt half of wfiat wouM be seen without the network. 

The si^ials from ihe voltage divkier network are applied to a plurality of acjSustat)le gain amplifiers (VGAs) 1 71 2a, 
1 71 2t^ 1 71 2c that serve to tx>ost the signal for an assigned frequ^icy spectrum for fosses tfiat occurred during trans- 

, . '35. . .missiontalong.the transmfesion line. AHh^ such VGAs are shown, clearly, more^or. less >VGAs.may..b&so — ^< 

empfoyed and still be within the scope of the present invention. Each VGA is resportsSsle for the boost over an assigned 
frequency band. In Rgure 18, one VGA 1712a is assigned all frequencies, a second VGA 1712b is assigned a middle 
range of frequencies (1-20MHz) and the third VGA 1712c is assigned a high range of frequencies (20 MHz and up). In 
addition,theou1putof each VGA is supplied to a equalizer circuit 1713a, 1713bi 1713c designed to compensate for or 

40 partially compensate for line fosses in that VGA's assigned frequency spectrum. 

As depk;ted in Rgure 18, the actual amount of boost may t>e different for each frequency barxJ. That is, the first 
VGA 1712a for the entire frequency range has a fixed amoum of feecfoack 1718a so th^ 
signals. The second VGA 1 71 2b (nrikldle frequencies) has an amourit of fe^^ 
cuit 1730output The third VGA 1712c (high l^ec^ierKies) has as feedback based upon tt^ 

45 of the feedback circuit 1730. Thus, the overaO boost arid equafizatfon is depend The two differential 

outputs from each e qu ali ze r circuit 1713a. 1713b. 1713c are then summed into a single pair of outputs and then each 
composite output is passed to a peak voltage detector 1714, 1716. 

The two peak volt^e detectors 1714. 1716 serve to perform two essential functksns. One functfon is to deterrrine 
the amount of t>3seline wander so tfiat it may t>e removed. The other functfon is to determine the sigial strength so tfiat 

50 it may be boosted, via feedback 1718a, 1718b. 1718c to the VGAs. to the correct level. These functions are as 
descrit>ed hereinatxive. but addrtfonal circuit elements are Qlustrated. 

The summed outputs from the equalizer circuits are furtf^ provkled to a comparator 1720 whose output 1740 is 
the data output, NRZOUT; that is, the signal conresponcfing to the received input signal, but suitably adjusted for any 
basefine wander and suitably acQusted for any signal fosses occum'ng during transmissfon. 

55 Turning nowtotheequalizatfon circuits 1713a, 1713U 1713cdepfotedinRgure18.itmaybeseenthateachcircuit 
has associated therewith a restetor/capacrtor (RG) network 1812, 1810, 1808, respectively, to determine the amount of 
equalization as a function of frequency It may also be seen that there is a control sign^ RG net- 

works for controlling the resstance of the reststor(s) in a network. Some equalizatfon circuits may contain only capad- 
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tors; for such a capacitor only circuit there Is no need to supply it with a control signal. The control signal is provided by 
an output from a voltage controlled osdllator (VCO) portion 1818 of a phase locked loop (PLL). 

A reference volt^e generation drcuit 1802 is depicted as also providing an output voltage to the voltage divider at 
the input of receiver 1800 via line 1804. Appropriate reference voHages are supplied by circuit 1 802 to other portions of 
the receiver 1 800. Some reference voltages are supplied to an oscillator drcuit 1 81 4 that has a frequency determinatbn 
drcuit 1816 attached thereto; the frequency determination drcuit 1816 is steo supplied with control signal 1822. 

The three capacitors 1 734, 1 736 and 1 820 are external capacitors attached to pins ACBLW, ACAGC and ACPLL, 
respectively. 

Figure 19 depicts one embodiment of the RC network for each of the three equalizer circuits of Figure 18. More 
particularly, there may be seen a first MOSFET (tnO) that is controlled by a bias voltage RC. Again, RC is the output 
from the VCO portion of the PLL This MOSFET (tnO) is biased by RC to be in a linear operating range and acts as a 
resistor for the first equalizer circuit; it also has some intrinsic capacitance. There may also be seen a plurality of MOS- 
FETs (tn1-tn17), two resistors OO and i1) and two pair of capacitors (2J0, 2J1 and 2_i2. 2_i3) that fomn the RC network 
for the second equalizer drcuit. Rnally. a pair of capacitors (2_i4, 2_i5) and a resistor (i2) are the RC network for the 
third equalizer network. The MOSFETs (tn1-tn17) are also controlled by bias voltage RC to ensure operation in their 
linear regions and they act as resistors for adjusting the frequency characteristics of the RC network. By making the RC 
signal the same as that in the PLL. tunable MOSFETs may be used to accurately set the equalization time constants 
since it is the same voltage used to set the tunable MOSFETs in tx>th the equalizer and the PLl*s VCO and the capac- 
itors simply scale. This drcuit illustrates how the MOSFETs may be suitably biased in a process with inaccurate resistor 
values to provide and maintain an accurately controlled bandwidth. That is, the transconductance is defined to the accu- 
racy of the capacitor which is more accurate than the resistor to define the equalization time constants. 

Referring now to Rgure 20, there may be seen a more detailed depiction of a portion of Figure 1 8. More parttoulariy, 
there may k>e seen a depiction of how the osdllator tAock may be sutDdivided into an osdllator block, a voltage corrpar- 
ison block (vcocorrp), and a resbias block and their interconnections. Rgure 21 depicts d^led drcuitry for a portion 
of the osdllator block. Rgure 22 depicts detailed drcuitry for a portion of the vcocorrp block. Rgure 23 depicts detailed 
drcuitry for th e resbias bfock. 

In Rgure 20. the CP signal is a cascode t>ias for "p" type MOSFETs and CONTROL is the signal for speecfing up 
or slowing down the osdllator frequency. The CMX signal is the common mode reference voltage. PD is a power down 
signal and NPD is a not power down signal. REFP and REFN are IpT and "n" type transistor bias voltages, respectively. 
PRESBIAS and BNSUM are bias voltages for "p" and "n" MOSFETs pairs to place the p MOSFET in its linear (resistive) 
operating region; RC is the resulting bias output OUTP is the square wave CMJtput dock signal. 

Refening now to Rgure 21 , there may be seen a pair of capacitors (2_i0 and 2J 1 ) that fbrnn the core of the oscil- 
lator drcuit and that are appropriately charged and discharged to provide a positive output signal. OUTP, and a negative 
output signal. OUTN; these output signals have a sawtooth or triangular waveform. The currents through transistors tn6 
v/.arKl tn7<£U'e.used.to charge.arKl discharge 4heses capacitors. .The<currerTls in transistDrs tn6 arxi tn7.are in opposite. < 
directions, such that wfien one inaeases by a given anwum the other decreases by thai sanrw 
in a push-pull mode for chargirtg or (fischarging the pair of capadtors. When one transistor is charging one skle of one 
of the capacitors the other is charging the opposite side of the otfier capacitor. 

More partk;ularty, there is a constarn EX) currem through these two traiYsi^ 
sistors tnO and tn4. At times the current from transistors tn6 and tn7 may be suffk^ent to overcome the stetic current 
from transistors tnO and tn4; thisresuttsinachargingof the associated capacitor. At times the cun-ent from transistors 
tn6 and tn7 rnay be irisuff idem to overconie the state currem from transistors tr^ 
of tf)e associated capacitor. 

There is a common mode feecft>ack drcuit of transistors tni9^12 and tn1&4n20 connected to the OUTP Bne and 
OUTN Hne that serves to keep the capacitor voltage swings centered around a fbced voltage. CMX. The amount of cur- 
rent passing through transistors tn6 and tn7 is determined by two transistor pairs, tn16/tn18 and tn15/tn17; these pairs 
are turned on or off by a pair of bias voltages (FBN. FBPjsufipIied by the vcocorrp bfock. These two signals are feed- 
back from the vco comparison bfock (see Rgure 22) and force one of the pairs on and the other off. 

REFP arxi REFN are fixed reference bias voltages ttiat determine the Client through transistors tn2. and tri3. The 
CONTROL signal is a signal from the phase corrparator portion of the PLL drcuitry that serves to speed up or slow 
down the rate of charging and discharging of the capacitors to change the PLL frequency to get the PLL and external 
dock rates in synchronism. The not power down (NPD) signal is used to appropriately kill the bias for the rest of the 
drcuit Note tt^ the RC signal, whk^h is used at least the eqimlizatfon drcuitry, is generated by this drcuitry and 
appropriately provided to the other circuitry of the receiver. 

Referring new to Rgure 22. there may be seen the detailed circuitry for a portfon of the vcocomp bfock of Rgure 
20. The dfferenttal signal from the osdllator bfock (OUTN and OLTTP) of F^e 21 is supplied to this drcuit by the INP 
and INN signals (on the tar left edge of drcuit). These signals are compared to REFP and REFN by tnO and tn1 . and 
tn2 and tn6. respectively, as well as by other pairs. These pairs drive an ECL latch (tp3. tnl 3, tn12, tdumlO, tn16. tn20. 
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tn14, tp2, tn17. tn18, tn21, tn19, tn22 and tn23) that serves to lock in a transition and provide a per resistant drcuit. 
Ihe latch provides differential square wave feedback outputs (FBP and FPN) to the oscillator of Rgure 2^, via other 
transistor pairs. A rail-to-rail square wave voltage output is provided by OUTP. 

RefBTing now to Figure 23, there may be seen the detailed drcuitry for a portion of the resbias bkxk of Figure 20. 

5 Half the current of this drcuft passes through pK^SFET(tp3) and its leg and 

(tpl) and its leg. These two MOSFETs are acting as load resistors. PRESBIAS and BNRES are used to set up the bias 
on these two FETs to place them in their linear operating regioa The cfrain/isource voltages for FETs (tn9 and tn15) are 
driven to match the corresponding voltages for other FETs similarly disposed, by outputting their gate voltage as 
BNRES. That is. BNRES is the bias for n type "resistor FETs. 

10 Referring now to Figure 24, there may be seen the detailed circurtry for a portion of a high speed corrparator, such 
as that used in Figures 1 7 and 18. This drcuit uses the PRESBIAS and BNRES signals to appropriately bias its FETs 
to provide toad resistors. Again, the differential inputs INP arxJ INN are compared to REFP and REFN arxi provide a 
differential output on OUTP and OUTN tfiat swings peak-to-peak. The transition time for an input signal edge is atXMJt 
4 nanoseconds, and the transition time for the drcuit is of the order of a few hundred to five picoseconds. Half the cur- 

IS rent at the switching point flows through load FETs (tp3 and tp2). 

Referring now to Figure 25, there may be seen a simplified bUock diagram of the interconnection of the two symmet- 
rical transnvtter current sources/sinks with the external transmitter load resistors and the external isolation or coupling 
transformer. During 10B^e-T operations the MOSFET acts as a switch and is dosed by an appropriate gate signal 
from control logic and connects the analog Vdd to the center tap (ACT) of the coupling transformer. During 100Base-T 

20 operations the MOSFET is opened by an appropriate gate signal from control logic and disconnects the center tap 
(ACT) of the coupling transformer from the analog Vdd. 

During 100Base-T operations one current sink turns on and draws a maximum current (corresponding to a +1) 
through the coil of the transformer and the load resistor on the opposite side of the coil from the current sink (the oppo- 
site load resistor), as well as the load resistor on the same side, from Vdd. This current is then dropped to zero and the 

25 other current source begins its cunent ranp in the opposite direction (corresponding to a -1) through the transformer 
coil and opposite load resistor. Thus, only one current source is being driven at a time for a nonzero waveform. For a 
zero waveform, both of the cunrent sources are switched on, but at half the current value when they operate individually. 
This provides a smaller arxi more accurate voltage swing that is syrranetrical. 

During lOBase-T operations one current sink tums on and pulls a maximum cunent through its half of the coil of 

30 the trarisformer from Vdd; the Other haH of the coil rncves by the same anrK>unt(abou^ 

action, giving a maximum voltage across the primary cdl centered on Vdd. Then the opposite current sink in tum tums 
on and pulls a maximum current through its half of the transformer coO from Vdd. Again, this provides a maximum volt- 
age drop across the full coil. Thus, both current sources are being altennately driven. This provides a higher voftage out- 
put tfiat tolerates inaccurades in voltages which can not be tolerated for the 1 0OBase-T case. 
. 35.,^ *v ^lnvthis.rTianner,.tha 

switching transistors or relays. Further, no external capacitors and resistors are needed to provkle appropriate time 
constants to ensure proper switching. This method of connectton alksws for a fully terminated and symmetrical perform- 
ance for 100Base-TX operations whBe also allowing for lOBase-T operations at 3.3 VdHs. 

Referring now to Rgure 26, there may be seen a stmplifmd bfock diagram of a circuit for a property staged tunrvon 

40 of transmitter current sources using signals from a re-drculating delay line that is a portion of the anafog PLL drcuitry 
of the PHY of the present invention. In this manner, the turn-on and tum-off of the transrratter sources are unaffected 
by varying cornponem predsfons and varying ctevice transconductances gI the cur 
capacitors connected to their gates to control rise times. 

More particularty, it rnay be seen that the PtX indudes two reHirada^ 

45 vide lOBase-T operations and the other for 100Base-TX operatfons. The PLL includes convex 
cuitry that conpares a 20MHz external dock signal vvith the output from one of the del^ 
rnake the comparison meaningful; the appropriate output is selected by a rnufti^ 

nal provided t)y a bfock of control logfo. The pt^se detector in tum providesanoutputsignalof up or down, to increase 
or decrease the dock rate of the re-drculatirtg delay line, to a charge punrp drcuit, whk;h adds or sutJtrads charge on 

50 a capacitor that speeds up or stows dcwn the rate of re-drculation along a delay Gne. However, this speed up or slow 
down signal is passed fo a bkxk of control drcuitry ttiat determines whk:h delay line should receive tfie signal arxi also 
provides control signals to various multiplexers that select the outputs from the desired r&<»rculating delay lina The 
contrd fogic may also provide a signal to the start of the selected delay line to initiate its startup. 
Strobe sigrials from the outputs of the various elements that rnake a delay lirie are previa 

55 rent sources, tn Rgure 26, four such current sources have been depicted as connected in parallel; these four current 
sources represent one of the cun-ent sources from Figure 25. dearly, more or fewer such current sources may be so 
errpksyed. The strobe signals from the etentents of the delay line serve to tum on (or turn off) an associated current 
sourca In this manner, the current sources are turned on in delayed stages to provide a controlled rise time without the 
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use of external rise time control components; using this technique allows for such components to be on-chf), such as 
for example the capacitor depicted in Figure 26. which serves to snxxrth the resulting waveform and eliminate or reduce 
any resulting staircase waveform. In a presentiy preferred embocfiment of the present invention, four such current 
sources are employed and are turned on with one nanosecond delays from one source to the next so that all the 

5 sources are fully on in four nanoseconds. That is. appropriate strobes from the elements of a PLL delay hne are pro- 
vided to respective current sources at one nanosecond intervals. 

The control logic also provides control signals to the current sources that detennine whether the current source 
turns on or turns off and in which direction the current is generated. Although Figure 26, depicts the sequential turn-on 
(or tuTTHSfQ of the four current sources, clearly one delay line could turn them on sequentially and the other delay Gne 

10 couMtumthemanonatthesanr^etinie. Aftenriatively. selected elenients of a des^ 

nals to appropriate current sources to provide the desired controlled rise time. Qeariy, any nurri)^ of delay lines wrtii 
any number of elements may be employed to selectively control a preselected number of cun-ent sources. 

Referring now to Figure 27. there may be seen a simplified block diagram of a ctrcurt for a high accuracy current 
reference for use in the 100Base-TX transmitter circuitry. More particulariy. a new use of tfie control of a cascade gate 

15 voltage within a control-feedback loop reduces the effects of a finite output impedance in a current mirror without sac- 
rificing voHage headroom on the output sourced current For conventional current reference circuitry the current through 
the FET conresponding to FET T1 in Rgure 27 would have a current I equal to the voltage Vref divided by the value of 
rest^ R. However, as Va varies then I varies due to the finite output impedance of T1 changing 1 when Va is not equal 
to Vb. The circuit of Rgure 27 nfwnitors Va and forces Vb to be the same voHaga Then 1 is always Vref divided by R. If 

20 two FETs are substituted for T1 in Rgure 27, then they limit the level to which can rise before the lower FET of the 
two begins to turn off. The current I of Figure 27 may be suitat)ly employed in a current mirror drcuit to provkie the cur- 
rent sources of Figure 25. 

Rgure 28 depicts detailed circuitry of a preferred entxxliment that implements the devk;e depk;ted in Figure 27. 

Refem'ng now to Rgure 29, there may be seen a simplified block diagram of a circuit using a single input frequency 
25 that allows for a DPLL rate for both 1 0Base-T and 1 0OBase-TX when the dock recovery is performed cBgitally This dr- 
cuit emptoys two delay lines and uses either a divide by 6.25 stage or a divide by 2 in a PLL feedback loop which alksws 
ttie compare rate and loop bandwkith to t>e kept high erxxjgh to aDow for the use of internal loop^ater components 
rather than external conrponents. Contrd k>gk; selects the appropriate de^ 

White the invention has been descrbed with reference to illustrative embodiments, this description is not intended 
30 to be construed in a limiting sense. Various modifications of the illustrative embodiments, as well as oth^ embodiments 
of the present invention, will become apparent to those persons skilled in the art upon reference to this description. It is 
therefore contemplated that that the appended claims wBI cover any such modifications or embocEments as fall within 
the true scope of the invention. 
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1. A physical layer interface devk:e. comprising: 



a first receiver for a first nxxte of operation; 
40 a second receiver for a second mode of operation; 

a first transntitter for a third nrxxf e of operation; 
a second transmitter for a fourth mode of operation; and 
contrd circuitry for detenrvting a nrnde of operation and sele 
second receivers and/dr selecting an appropriate transnrwtter from sakJ 

45 

2. The physical layer imerface devk» of Claim 1 further irK:luding connection dr 

imerface device to a transmission niedum via an isolation transforrner and a connector. 

3. The physkal layer interface devk;e of Claim 1 wherein said second transmitter further indudes a programmable 
50 transmit voltage amplitude for wveform generation. 

4. The physcal layer interface device of Claim 1 wherein saki second receiver further indudes integrated adaptive 
equalization drcuitry and t>aseline warxier correction circuitry. 

55 5. The physfcal layer interface devk^e of Qaim 1 wherein said second receiver and said second transmitter further 
indude synthesized rise time control for reduced electromagnetic Interference such that no external capacitors are 
required. 
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6. 



The physical layer interface device of Claim 1 further including auto-negotiation drcuitry for automatic selection of 
half/full duplex operation. 



5 



7. 



The physical layer interface device of Claim 1 further including auto-polarity correction circuitry for providing immu- 
nity to receive pair reversal in said first mode of operation. 



8. TTie physical layer interface device of Claim 1 further including phase-locked loop (PLL) circuitry that uses a single 
clocking device that is surtat)le for any of said first second, third or fourth modes of operation. 

10 9. The phystoal layer internee device of Claim 1 wherein said first receiver further includes a smart squelch function 
which only allows irKxmng data to pass if its input amplitude ^ greater than a minimum signal threshold and a spe- 
cific pulse sequence is received. 

10. The physical layer interface device of Claim 1 further including analog phase locked loop (PLL) drcuitry operatsle 
15 to provide a staged turnon of current sources using signals from a reorculating delay line within said analog PLL 

1 1 . The physical layer interface device of Claim 1 further inducing automatic gain control drcuitry for providing baseline 
wander correction and offsets for loss of signal strength. 

20 12. The physical layer interface device of Claim 11 wherein said automatic gain control drcuitry indudes two peak 
detectors and wherein said automatic gain control drcuitry is operak)le to provide said baseline wander correction 
t}y minimizing the difference t>etween said two peak detectors. 

13. The physical layer interface device of Claim 1 further induding adaptive equalization drcuitry and analog CMOS 
25 drcuitry and wherein high frequency txx>st in said adaptive equalization drcuitry is applied as a function of mid- 
range frequency circuitry in said analog CMOS drcuitry. 

14. The physical layer interface device of Claim 13 further inducing a pfiase locked loop (PLLj and wherein time con- 
stants for said adaptive equalization drcuitry are generated by setting sakJ PU. to turie a biased trarioorKiuctor with 

30 an appropriately ratioed capacitor. 

15. The physical layer interlace devk^e of Claim 1 further induding d^ital pt^se locked loop (DPLL) drcuitry operat)le 
to provide a plurality of DPLL operating rates using a single irput frequerx;y. 

,35^.. A 6.-7Tie physkal layer interface devk;e of Qaim .1 5 whereinsaid DPLL drcuitry indudes a first path through a first delay .„..^rcii^.^.-f--.^^^^r.^^^...^.^^ 
line and a divkJe by 6.25 stage in a PLL feedback kxjp to provkie one of sakt plurality of DPLL operating rates. 

17. The physk:al layer interface devbe of Claim 16 wherein saki DPLL drcuitry indudes a second path through a sec- 
ond delay lineandacfivKleby2stage in saki PLL feedl)ackkx)p to provkie another of said plurafity of DPLL oper- 

40 ating rates. 

18. TTte phydcal layer irrterfacedevk:e of Claim 17 further iTK^tudingconlr^ 
arvi second paths. 

45 19. The physk^al layer interface devk;e of Claim 1 further induding current reference cnraatry for controOing a cascade 
gate voltage within a contn)l-feecft>ack kx3p to provkie a high accuracy cu^ 

face devk^e whereby effects of a finite input impedance in a current mirror are reduced witfiout saoftctng voltage 
heac&room. 

50 20. The physical layer interface dence of Qaim 1 further induding: 



55 



equalizalk)n drcuitry operable to compensate for tosses in signals received by saki second transmitter; 
phase locked loop (PLL) drcuitry for syrK:hronizing saki physical layer interlace devk:e to saki received signal, 
saki Pl± ctrctfltry having a voltage controUed output portk>n whk:h pro^ 

reststaA^apadtor network drcuitry for determining the anmmt of equafizatk>n as a functk)n of frequerKy in 
accordance with saki bias voltage output from saki PLL 



21. A method of provkiing signal level control in a differential line receiver, the cfifferential line receiver operable to 
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accept differential signal inputs, the method comprising the steps of: 

providing an internal resistor divider network operable to reduce voltage swing in the differential signal inputs; 
providing amplifier means operable to boost said differential signal inputs in accordance with a first feedback 
5 signal to compensate for losses that occurred during transmission and further operable to compensate for 

baseline wander in said differential signal inputs in accordance with a second feecft>ack signal to generate dif- 
ferential signal outputs; 

measuring a high level of said differential signal inputs using a first peak voltage detector; 

measuring a low level of said differential signal inputs using a second peak voltage detector; 
10 generating a t)aseline signal in response to said high and lew levels of said differential signal inputs; 

determining a first adjustment value to compensate for baseline wander; 

adji^ng said first feedt>ack signal in accordance with said first adjustment value; 

determining a second adjustment value to oonper^te for said losses that occurred during transmission; 

adjusting said second feedback signal in accordance with said second adjustm^ value; and 
15 providing said differential signal outputs to a corrparator to generate a data output signal adjusted for baseline 

warxier and for saki losses that occurred during transmission. 

22. TTie method of Claim 21 wherein said step of determining a first adjustment value includes the steps of: 

20 filtering saki baseline signal; and 

comparing saxj filtered baseline signal to a first reference voltage to generate sakJ f rst adjustment signal. 

23. The method of Claim 21 wherein sakI step of generating a second adjustment signal includes the steps of: 

25 generating an output voltage signal t>y dropping said high and low levels of said differential signal inputs aaoss 

a pair of resistors; and 

comparing sakJ output voltage signal to a second reference voltage to generate a second adjustment signal. 
An apparatus for prcvkiing signal control in a physk^al layer intertace device, comprising: 
voltage divkter circuitry operable to reduce voHage swirig in (fifferential a 

adjustable amplifier circuitry operable to adjust saki cfifferential signal inputs to compensate for baseline wan- 
der and loss of signal strength in accordance with feedback signals from feedt>ack circuitry, thereby generating 
differential signal outputs; and 

^ . .-.sakI feedback drcuitry operable to measure.sakl.baseGne wander, and sakl k>ss of signal strength and to.gen-^.-^<.«ri^ . .. 
erate saki feedback signals in response; and 

a corrparator operable to generate a data out signal in response to said differential sigri^ 

25. The apparatus of Claim 24 wherein saki feedback drcuHry comprises: 

a first peak voltage detector operable to rneasure a high level ol saki differential sigrial outputs from sak^ 
able amplifier circuitry; 

a second peak voltage detector operat)le to measure a low level of saki differential signal outputs from said 
acQustable ampl^ier drcurtry; 

circuitry for determining the amount of baseline wander in accordance with a value half-way between saki high 
level and saki kiw level of saki differential signal outputs; 

circuitry for determining the arrKXjnt of signal loss by corrparing said differential signal outputs to a reference 
voltaga 

50 26. An apparatus for provkiing signal control in a physk;al layer interface device, comprising: 
a voltage divkier network; 

at least one ac$ustat>le gain ampltf iers, each of saki at least one ampl^ers operat)le to generate boosted differ- 
ential signal outputs by boosting a partk:ular portk)n of saki cfifferential signal inputs in accordance with an 
55 assigned frequency spectrum arxi an associated feecftxack signal, wtiereby saki cfifferential signal inputs in 

each saki assigned frequency spectrum may t>e boosted by different amounts; 

at least one equafizer means, each of saki ec|ualizer means having an asscxaated one of saki at least one 
adjustat)le gain amplifiers and operat)le to compensate saki boosted differential signal outputs for fine k>sses. 



24. 
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thereby generating equalized differential signal outputs: 

summation means tor summing said equalized differential signal outputs, thereby generating a final pair of dif- 
ferentia] signal outputs; and 

feedback circuitry operable to measure said baseline wand^ and said loss of signal strength and to generate 
said feedback signate in response 

27. The apparatus of daim 26 wherein said feedback circuitry includes: 

first peak voltage detector means for determining baseline wander in saki cfifferential signal outputs and for 
ac^usting said associated feedback signal in response: and 

second peak voltage detector means tor determining signal strength in said differential signal outputs and for 
adjusting said associated feedback signal in response. 

28. The apparatus of Claim 26 wherein said at least one adjustable gain arrplifier conpr^ three adjustable gain 
arrplifier, a first of said three adjustable gain amplif iers operable to apply a fixed anmunt of feedback so that there 
is no boost applied to said associated portion of said differential signal inputs, a second of said three acQustable 
gain amplifiers operable to apply an amount of feedback based upon said feedback circuit output and a third of said 
three adjustable gain amplifier operable to apply an amount of feedback t>ased upon the square of said feec&ack 
drcurt output. 

29. A method of controlling time constants in adaptive equalization circuits in a physical layer interface device, compris- 
ing the steps of: 

generating a bi^ voltage from a voltage controlled osdilator portion of a phase locked loop in the physical layer 
interlace device: 

using tunable MOSFETs to provide resistance in the adaptive equalization drcuits; and 
setting said tunable MOSFETs using said bias voltage 
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